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42000 dhrystones with a single 
32-bit RISC chip. Sustained. 
seventeen MIPS. Real world MIPS. 
25Mhz clock speed. Fifty MIPS by 
199]. Blazing fast even with low-cost 
memory. 5x the system throughput 
of the 68030. 2x the 80960 at half 
__ the system cost 
~ In CMOS. On the 
shelf. Now. 
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6 isolated ocigione ralerentec of 1%, 

2%, 5%, 10% and 20% are available in-a 
- range from 10 ohms to 3.3 megohms. 

Evaluate the CSC...as part of Dale’s ZIP | 

program. It’s guaranteed to give you 

problem-free delivery and quality. C 

Dale Electronics, Inc., Box 26950, 

El Paso, TX 79926. _ | 

For more — 

details, call: 
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British Telecom says, 


Fifty approvals 
fon oe lab - 
Thanks DS&G!’ 


Gavin Steven 
British Telecom/ 
Mitel Datacom 


“At British Telecom we knew 
that a single compliance 


a problem could have crippled 


our introduction and damaged our reputation. So we 
chose the best facility.’ They chose DS&G. 


No Lab Offers 
More Approvals 


DS&G offers every approval you will ever need. They 
offer a complete line of EMI, telecom, and safety cer- 
tifications. For EMI, they can get approval by the FCC, 
the Canadian DOC, the German VDE, and the Japanese 
VCCI. For telecom, they offer FCC, DOC,BABT (British), 
and JATE (Japanese) approval. For safety, they can obtain 
the marks of UL, CSA (Canada), and TUV (Germany). 


Dash Straus & Goodhue, Inc. 
593 Massachusetts Ave. 
Boxborough, MA 01719 

(617) 263-2662 

After 7/19/88: (508) 263-2662 


DS&G Does It All 


DS&G works with you all the way from initial design 
to complete retrofit. They can handle every aspect of 
your compliance program, including liason with 
government agencies. But DS&G does even more. It 
annually publishes the industry’s reference book on 
designing for compliance, ‘Compliance Engineering” 
It also consults with U.S. and foreign governments on 
developing technology and regulations. So you know 
you are getting the most comprehensive, up-to- 
date service. 


“On Time and On Budget!” 


British Telecom was particularly impressed that 
DS&G got so many approvals without any delays or 
cost overruns. Your approval program can go as 
smoothly as their’s did. You can choose DS&G. Call now 


at 617 263-2662. 


Dash Straus Goodhue 


rugged plug-in 


= 1O 4000MHz from oe 


Tough enough to meet full MiL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package... that’s Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 

pc board area as a TO-8 and can take tougher punishment with leads that won't break 
off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
SOOMHZz and 0.5 to 1O00MHz, and NF as low as 2.8cB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
Supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-amplifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR PRICE 
(MHz) dB OUT/PWRt dB FAV: $ ea. 
MODEL if, tof, min flatnesstt dBm (typ) mA (10-24) 
MAN-1 0.5-500 28 1.0 8 45 60 13.95 
MAN-2 0.5-1000 19° 45 Z 6.0 85 15.95 
MAN-1LN = _0.5-500 28 1.0 8 2.8 60 15.95 
©MAN-1HLN- 10-500 10 08 15 ee | 70 15.95 
*MAN-1AD = 55.500 16°: OS 6 7.2 85 24.95 
ttMidband 10f, to f, /p:£0.5dB tidB Gain Compression Case Height 0.3 In. 


Max input power (no damage)+15dBm; VSWR in/out 1.8:1 max. 
* Active Directivity 18db 


finding new ways... 
Setting higher standards 


[J Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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SPECIFICATIONS 


MODEL FREQ. GAIN, dB ®MAX. NF PRICE $ 
MHz 100 1000 2000 Min. PWR. dB Ea. Qty. 
MHz MHz MHz (note) dBm 
MAR-1 DC-1000 185 155 — 13.0 0 5.0 0.99 (100 
MAR-2 DC-2000 2 12.5 ..°E1 8.5 +3 6.5" TSS 125) 
MAR-3 DC-2000 13 $25, 1105:.- 80 +O ‘6:0 “HARE: (25) 
MAR-4 DC-1000 82 80 — 7.0 +11 7.0. 190° (25) 
MAR-6 DC-2000 20 16 1] 9 0 28: F288: (025) 
MAR-7 DC-2000 13.5% 42:57 34055)" 16.5 +3 50°. 1:90.’ ‘(25) 
MAR-8 DC-1000 Bo. sed — 19 #10. 3S" 1645) 


NOTE: Minimum gain at highest frequency point and over full temperature range. 
® 1dB Gain Compression 
0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 


“only $59.95 


color dot 


finding new ways ... 
setting higher standards 


de to 2000 MHz 
> amplifierseries 


Unbelievable, until now...tiny monolithic wide- 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

in the MAR-series offer up to 33 dB gain, 0 to 
+11dBm output, noise figure as low as 2.8cB, 

and up to DC-2000MHz bandwicth. 


*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 


Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 


Size Tolerance Temperature Value 
(mils) Characteristic 
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf 


2200, 4700, 6800, 10,000 pf 
120 x 60 10% X7R 022, .047. .068, 1 


Si Minimum Order 50 per Value 


/ [7 Mini-Circuits 
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On the cover: The new PLD generation 
offers a dramatic increase in speed com- 
pared with devices introduced just one 
year ago. See pg 142. (Photo courtesy 


Altera Corp) 
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SPECIAL REPORT 
Programmable logic devices 142 


PLD manufacturers have been making waves with large, exotically 
architectured devices that are lapping at the low end of gate-array applica- 
tions, but they haven’t neglected bread-and-butter 20-, 24-, and 
28-pin devices.—Charles H Small, Associate Editor 


DESIGN FEATURES 
Wescon/88 161 


Wescon’s 36-session professional program will address a host of 


‘technical topics.—Iom Ormond, Senior Editor 


Wescon/88 Products 165 
Designer’s Guide to 
dc/dc converters—Part 3 209 


This article, part 3 of a 4-part series, will demonstrate design techni- 
ques for optimizing power conservation, efficiency, and wide input 
range in dc/dc converters.—Jim Williams and Brain Huffman, Linear 


Technology Corp 


The registered PROM can replace 
PALs in large state machines 231 


If you’re wrestling with a sequential logic design, the RPROM might 
help you overcome the product-term restrictions of PALs. 
—Christopher Mercer, Nixdorf Computer 


Evaluate your ADC by using 
the crossplot technique 251 


By performing the crossplot bench-test technique, you can determine 
how closely an ADC’s actual performance corresponds to its data- 
sheet specifications.—Ron Knapp, Maxim Integrated Products 


A simple technique boosts performance 
of active filters 277 


To achieve the best rolloff from an active filter, you must keep com- 
ponent values as close as possible to the ideal values to preserve critical 
ratios. Precision components are expensive, but you can gain perfor- 
mance improvements without incurring extra expense by adjusting the 
impedance levels —Brent F Balch, Sensormatic Electronics Corp 


Continued on page 7 
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A NEW WORLD OF 
HIGH POWER FLEXIBILITY 


Westcor’s PowerCage™ and PowerCards™ comprise a The nucleus of each PowerCage system is Westcor’s pat- 
modular power supply system of galactic power (7200 watts ented 1 MHz, high power density, high reliability converter. 
max. ), flexibility (36 outputs max.) and efficiency (80% Consider these benefits and features: 208 VAC 3 phase input; 
typ.). More like an expandable computer mainframe in de- remote/local sense on all outputs; TTL power good signal 
sign and concept than a standard high power supply, the and status LED’s; designed to meet UL, CSA and VDE safety 
PowerCage offers space-age alternatives to users of outdated requirements; TTL inhibit; over-temperature, over-current, 
5x8x11 inch box switchers. over-voltage protection; “hot” card insertion; full power at 

Measuring 19x10.5x11.25 inches deep the PowerCage fits 50°C. 
into a standard NEMA rack and powers 18 slots for single or Future options include: DC input; IEEE-488 programmabil- 
dual output PowerCards or dummy cards. PowerCage ity; fault tolerant operation and battery backup. To discover 
backplanes provide connections for easy configuration by a new world of high power flexibility, please contact us. 
the user. | : 


Low profile (.8”) PowerCards supply single outputs from 
2 to 75 VDC at up to 400 watts (outputs from 2 to 5 VDC 
limited to 60 amperes). Dual output cards source two 
isolated outputs each at half of the above ratings. Single out- 
put cards can be paralleled with current sharing to provide 
kilowatts via simple backplane configuration. 


WESTCOR CORPORATION * 485-100 Alberto Way * Los Gatos, CA 95032 * (408) 395-7050 * FAX (408) 395-1518 * TWX 910-240-2108. 
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Some vendors of arbitrary-waveform 
generators believe their products will 
displace the more conventional fixed- 
function generators during the next 


decade (pg 65). 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
service. 
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TECHNOLOGY UPDATE 


Arbitrary-waveform generators: Instruments 


refine the art of signal generation 


65 


Arbitrary-waveform generators let you make your own kind of 


waves.—Dan Strassberg, Associate Editor 


ICs implement resonant-mode conversion 


83 


Designers of high-frequency switching power supplies are beginning 
to explore resonant-mode conversion to overcome the disadvantages of 
pulse-width-modulation techniques.—Dave Pryce, Associate Editor 


PRODUCT UPDATE 
Erasable programmable logic device 
Eight-channel UART IC 


Backplane interconnection system 
Single-platter 3’4-in. disk drive 


DESIGN IDEAS 


Up/down counter freezes at extreme counts 
PLD implements interrupt controller 
Source follower linearizes photodiode 
Discrete-amplifier circuit sums signals 
Pulse generator boasts very low duty cycle 


108 


306 
Continued on page 9 
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Choice. Performance. 
HP beam lead PIN diodes. 


From circling satellites to 
aircraft electronics, the perfor- 
mance choice in beam lead 
PIN diodes is Hewlett-Packard. 
No one offers you more variety 
Or more ways to meet your tar- 
get specifications...all backed 
by the most extensive pub- 
lished reliability test data in 
the industry. 

Capabilities available to 
you include: the lowest RC prod- 
uct on the market; the broadest 
selection of Rs, Cj and switch- 
ing speeds; unparalleled low 
resistance at low bias; excep- 
tionally low tr; high beam 
strength; low capacitance; stan- 
dard T’XV level tested parts. 
Plus, HP is the only company 
that guarantees minimum and 


maximum capacitance win- 
dows for HPND-4018/28/38 
devices. 

Dont spend the day on the 
phone placing orders to half- 
a-dozen suppliers! Just one 
phone call to the HP sales office 
nearest you (ask for the Com- 
ponents Department) will give 
you the most choice, the best 
choice, the right choice...every 
time. Or, fora complete set of 
data sheets simply circle our 
number on the reader service 
card in this issue. 


HEWLETT 
PACKARD 


hp 
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SINGLE PRECISION WHETSTONE LEAGUE DOUBLE PRECISION WHETSTONE LEAGUE 


INTEL. 


386/387 16 MHz ONE T800 TRANSPUTER GIVES 
1.8 MEGAWHETSTONES. 2.5 DOUBLE PRECISION 
MEGAWHETSTONES... 
SO WHEN IT COMES TO 


INMOS. _ MOTOROLA. PROCESSING POWER SEVEN 
IMS T800 TRANSPUTER. 4 68020/68881 20 MHz INMOS T800 CHIPS COULD 


4.6 MEGAWHETSTONES. e@. 1.5 MEGAWHETSTONES. GIVE THE MIGHTY CRAY 15S, 


RATED AT 16.1 MEGAWHETSTONES 


A REAL RUN FOR ITS MONEY! 
DEC 


VAX 11/780/FPA 
1.1 MEGAWHETSTONES. 


MULTIPROCESSOR 
MUSCLE. 


MORE RAW 


PERFORMANCE. 


When you’ out in the trenches fighting it out with ordinary 
microprocessors, running out of muscle is all too easy. That's why you 
should look to the new T800 Transputer from INMOS. 

The T800 is the fastest 32-bit, single chip, floating-point 
microprocessor available today. A quick glance atits statistics will show 
why nothing else is in its league... 

32-bit enhanced RISC processor...64-bit on-chip IEEE floating- 
point processor...4K Bytes on-chip 50Ons static RAM...Four 20 MBits/sec 
interprocessor communication links...Eight independent DMA 
engines. All on a single chip capable of sustained 1.5 MFLOPS...and 
4.6M Whetstones! 

And, if that’s not enough raw power, the T800’s links allow 
multiprocessor systems to be constructed quickly and easily — giving 
you 6 MFLOPS with four T800’s...30 MFLOPS with 20...150 MFLOPS with 
100...In fact, there’s no limit to the number of Transputers you can use! 

Programming Transputers couldn't be easier, with compilers for 
C, Fortran and Pascal, and the world’s first concurrent programming 
language OCCAM. 

Want to turbocharge your current system? No problem. Our 
exclusive Link Adaptor IC’s allow Transputers to be connected to other 


IMS T414- 20 
IMS T212-17 
IMS T212-20 
IMS M212-17 


sofware Corfigurobie 
32 way link switch 
Link to system bus 
Link to system bus 


IMS C004 


IMS COT] 
IMS C012 


10+ 20 MBits/sec 
10+ 20 MBits/Sec 


microprocessors or peripherals. 

Other team members include the pin compatible T414 Transputer, 
offering lower cost, 10 MIP performance and 0.75M Whetstones. 
Lined-up to provide all the I/O processing you need, the T212 16-bit 
Transputer is the ideal high performance controller and the M212 Disk 
Processor combines disk controller hardware and a Transputer on a 
single chip, supporting both Winchester and floppy disks. And the C004 
Link Switch makes the design of software reconfigurable multiprocessor 
systems as easy as kicking an extra point. 

Whatever field you're in — from real-time distributed systems to 
high-performance graphics, from fault-tolerant systems to robotics, 
Transputer technology can give you scalable performance at a cost 
you can afford. 

Transputers are manufactured using an advanced 1.5 micron 
CMOS process which keeps the power consumption under one watt. 
So your system stays cool while under fire. 

Transputers to MIL-STD 883C will be available in the first half 
of 1988. 

If this all sounds like your kind of game, put the ball in play by 

contacting your local INMOS sales office today. And get ready to score. 


oy 6 Million oo emer 
0.75 Million 


~ 10+20 MBits/sec 


24 Pin DIP 
24 Pin DIP 


INMOS, PO Box 16000, Colorado Springs, Colorado 80935. Tel. (719) 630-4000. 


Orange County — 714-957-6018 Denver — 303-252-4100 


Santa Clara — 408-727-7771 


Minneapolis — 612-932-7121 


po nnn 


Baltimore —301-995-6952 
Atlanta— 404-242-7444 


Dallas — 214-490-9522 
Boston — 617-366-4020 


[_]Send me information on the Transputer Team. L_]|Send me the Transputer White Pages, a ae | 


of third-party manufacturers’ transputer-based products and services. 
[_]Please have a Field Applications Engineer call. [_]Please have a salesman call. 


i Name Title 
; Company Address 
Zip 


INMOS Transputer 


and IMS are trademarks of the INMOS Group of Companies. 
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It takes more than a microprocessor to improve We provide everything essential to the total 
product performance. performance of your design. And we make it easy 
At Signetics, we haven't developed proprietary for you to get it. From one vendor. In less time. 
MPUs. Instead we've concentrated on the other 95% With less paperwork. For less cost. 


of your system. We call it “the guts’ Werre Signetics. We've got the guts! Make us prove it. 
That’s why we're known as your dependable, world- Call oe 227-1817, ext. 982 and ask for our new 
wide supplier of quality ICs. Producers of devices capabilities brochure. 

that are processed with leading-edge technology and 

supported with customer-oriented service. 


One standard. D defects. 


Signetics 


a division of North American Philips Corporation 


= PHILIPS 
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or contact your local Siemens office 


A19100-E688-Z11 
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At last — a trans- 
parent solution for 
thermal stability 
between 150 and 
184 degrees 
Celsius is now 
available. 


Compromises are finally qualities are also key factors. 


over! Our new polyester car- 
bonate Apec® provides the 
solution, while offering both 
quality and economy. 

Take for example, car indicator 
bulb covers. 

Mechanical risks and perma- 
nent tension require a mate- 
rial both impact and heat- 
resistant, and where trans- 
parency and post colouring 


Apec will meet the task. 
Speciality types have success- 
fully passed our stringent tests 
and are now available. Our 
Technical Service Depart- 
ment is also ready to answer 
your specific problems quick- 
ly and efficiently. 

Please do not hesitate to con- 
tact us if you want assistance. 
® registered trade mark Bayer AG 
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& Please mail the 
Apec brochure. 


& I am interested 
in speaking to your 
specialist. 


If you need immediate 
advice please call 

Mr. Arnolds - 

Telephone: 02 14-30-34-25. 


KU 3981e.i. 544/3.88 


Bayer AG, 
Plastics Business Group 
D-5090 Leverkusen, Bayerwerk 


Even though we’re the strongest group of 
companies in the electronics industry, there may 
still be a few people who don’t know we exist. 
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ITT ElectroMechanical 
Components Worldwide. A collec- 
tion of companies with reputations 
unmatched in the industry. You 
know us as ITT Cannon, Schadow, 
Jeanrenaud, Pomona Electronics, MTI 
and Sealectro. 

However, for those few people 


who may not be quite as familiar with 
us, perhaps an introduction is in order. 
It started more than 70 years 
ago, with the creation of the first-ever 
connector. Then, year after year, inno- 
vation after innovation, we just kept 
getting stronger. Expanding product 


EDN November 10, 1988 


lines. Developing switches, relays, test 
accessories, fiber optics, connectors 
and cable assemblies. For more and 
more markets. 

The result? 

A worldwide company with the 
resources, experience and expertise 
to help you significantly narrow your 
supplier base. With manufacturing 
facilities, engineering centers and cus- 
tomer service representatives in virtu- 
ally every part of the world. 

What’s more, our systems 
approach to problem-solving means 
that you benefit from having our top 
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engineering teams working with you, 
from start to finish. That’s just the way 
we do business. 

Chances are, you already know 
about us. But if you’d like some more 
information about all our capabilities, 
drop us a line today. And leave your 
competitors out in the cold. 


1851 East Deere Avenue 
Santa Ana, CA 92705-5720 
Or call (714) 261-5300 


TTT atti 


Discover our strengths. 


These High-Rel SRAMs offer you all these benefits: 

@ 100 ns access time at 25°C 

@ Low standby current: 1 mA typical 

@ Full Mil temperature range 

@ 32Kx8 organization 

@ 28 Terminal DIL Package 

@ Screened to Mil-Std-883 Class B.* So they re perfect for 
use in a wide range of military systems. And, as you'd 
expect from the leaders in High-Rel CMOS, we have a 


full line of SRAMs, including 64K (8Kx8) and 16K (2Kx8). 


Tops in Rad-Hard RAMs, too. 


If you need rad-hardness, remember that we offer 1K, 4K 
and 16K CMOS/SOS RAMsas well. 

Our Rad Hard 16Kx1 CMOS/SOS RAM has an access 
time of 125 ns at 25°C and is available for immediate delivery 
to Class S type specifications. 


CMOS/SOS is the ideal technology for rad-hard applica- 
tions because: 
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@ It's latch-up free under transient radiation 

@ It’s highly tolerant to single-event upset caused by radia- 
tion (typically 2x10? errors/bit/day) 

@ It has total dose tolerance from 100K RADs to “MEGARAD.” 


We know, because we invented CMOS/SOS. 


So whatever your needs in SRAMs, aim high, and call the 
‘Top Guns today. For additional information, call toll-free 
800-443-7364, extension 20. Orcontact your local GE Solid State 
sales office or distributor. 

*Rev. C, Paragraph 1.2.2 
In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, 
(276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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the two packages rogether f for r $995, esas y W 


NEWS BREAKS 


1.5-1um, TRIPLE-TECHNOLOGY LIBRARY MAKES ITS DEBUT 

_ Sierra Semiconductor (San Jose, CA, (408) 263-9300) has introduced a 1.5-~m 
process that permits you to combine analog, digital, and EEPROM circuitry on one 
IC. The library contains 25 analog cells and 245 digital cells, and the process supports 
the design of 65-MHz phase-locked loops, 100-MHz analog comparators, 10-MHz resis- 
tor-string DACs, and 100-MHz video DACs. The manufacturer claims the process will 
allow for loaded gate delays of 1 nsec and system performance as high as 90 MHz 
at 100,000-gate densities. The company plans to add EEPROM cells and the COP800 
core microprocessor to the library by January 1989.—Michael C Markowitz 


80386 PC-DOS-COMPATIBLE COMPUTER FOR VXI BUS 

The EPC-2 VXI Bus computer from Radix Microsystems (Beaverton, OR, (503) 
690-1889) is a PC-DOS computer with a 1.4M-byte floppy-disk drive and a 40M-byte 
hard-disk system. It includes an 800 X 600-pixel, 16-color graphics controller that 
supports VGA, EGA, CGA, and monochrome boards. This embedded PC is designed to 
meet the more stringent environmental requirements of ATE and instrumentation 
systems, while still allowing you to develop applications in a PC software environ- 
ment. The computer is more than just an embedded PC—it provides full VXI Bus 
slot-O control and VME Bus slot-1 control. To help you develop your own VXI Bus 
instrumentation applications, the computer comes with EPConnect version 8.0 soft- 
ware tools. 


With this computer, you can achieve data-transfer rates over the VXI Bus as 
high as 5M bytes/sec, which is significantly higher than the data-transfer rates you 
can obtain with IEEE-488 instrument control. The higher data-transfer rate can 
reduce test times dramatically in applications that limit throughput. The system 
provides a complete IEEE-488 interface, which includes a talker, a listener, and a 
controller. The computer module is housed in a dual-wide (&.4-in.) C-size VXI Bus 
module. The module is fully shielded (on six sides) and meets all VXI Bus EMI 
specifications, including close and far-field EMI emissions specs. It will be available 
by January 1, 1989, for $9550.—Doug Conner 


INTEGRAL ZENER DIODE PROTECTS DARLINGTON POWER TRANSISTOR 
A planar zener diode protects Motorola’s (Phoenix, AZ; contact Jim Nappe at 

— (602) 244-4912) MJE5420Z Darlington power transistor from voltage spikes ex- 

ceeding 24V. The device, which costs $0.95 (1000), is therefore ideal for driving 

inductive loads. The transistor incorporates thermal-compensation circuitry to re- 

duce the zener diode’s thermal coefficient from 100 mV/°C to 6 mV/C. 

—Steven H Leibson 


FAX MODEM IC OPERATES AT 9600 BPS 

The R96MFX Monofax modem IC from Rockwell International (Newport Beach, 
CA, (714) 8535-47700) operates at 9600 bps and comes in a 64-pin, quad-in-line plastic 
package that’s pin-compatible with the company’s existing 2400- and 4800-bps 
Monofax products. The hybrid device operates at 9600, 7200, 4800, 2400, and 300 
bps; is compatible with the Group & and Group 3 facsimile standards; and features 
both a parallel-bus port and an asynchronous serial port for connection to a host 
processor. It sells for $75 (1000).—Steven H Leibson 
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Why our high performance 
22V10 PLD is the market 
leader: 
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First, all the great architectural 
features of the standard 22V10. 

Including Macrocell I/O, so one part 
can be programmed to replace up to 10 
different PLD devices, plus many addi- 
tional logic configurations. Inverted 
or non-inverted, registered or com- 
binatorial operating modes. As many 
registers as you want—1 to 10. Syn- 
chronous Preset and Asynchronous 
Reset features. Configurable with up to 
22 inputs and 10 outputs. A Variable 
Product Term architecture lets you 
easily tailor the 22V10 for high perform- 
ance in a wide variety of applications, 
without burdening the product term 
structure. 

And you get the benefit of easy pro- 
gramming, using industry standard 
languages like CUPL® or ABEL™, 
standard programmers, or our handy 
QuickPro™ programming accessory 
for PC or PC-compatible. 

In other words, you get superb flex- 
ibility and ease of use. The 22V10 gives 
you the convenience of PLD design 
for logic functions in the 500 to 800 
gate array complexity. But without 
the design complexity of gate arrays. 


Now add Cypress CMOS leadership 
and you have the market-leading 
22V10. 


Blazing performance, with speeds 
to 25ns combinatorial/33.3MHz 
registered. 

Quarter-Power for cool performance. 

Optional windowed versions for the 
convenience of reprogrammability. 

Skinny DIP or surface mount pack- 
aging. Greater than 2000V ESD tol- 
erance on every pin, and the ability 
to tolerate +10% power supply 
fluctuations. 

No wonder this is such a best seller. 

Get the databook that has the infor- 
mation you need on this great part, and 
you ll have the information you need 
on ALL our high performance parts. 

CMOS high speed SRAM. 

CMOS high speed PROM. 

CMOS high speed PLD. 

CMOS high speed Logic. 


This databook, packed with high 
speed, low gore parts, is yours for 
a phone call. 

DataBook Hotline: 


1-800-952-6300 
Ask for Dept. C42 


(32) 2-672-2220 In Europe 
(416) 475-3922 In Canada 


Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Telex: 821032 CYPRESS SNJ UD, TWX: 
910-997-0753 ©1988 Cypress Semiconductor. QuickPro is a trademark of Cypress Semiconductor. CUPL is a registered trademark of 
Assisted Technology. ABEL is a trademark of Data I/O Corporation. 
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‘SINGLE C CHIP INTERFACES TO ISDN-ST LE VOICE/DATA LAN 


Instead of introducing a standard S- interface device to connect terminal equip- 
ment to ISDNs, Philips’ Components Div (Bindhoven, ‘The N etherlands, TLX 51573; 
in the US: Signetics Corp, Sunnyvale, CA, (408) 991- -2000) has introduced an lnliertace 
chip, the PCB2510, which interfaces terminals to the company’ S proprietary IST-bus. — 
Because the IST- ‘pus accommodates as many as 31 voice or data terminals andallows ~~ 
terminal- to- -terminal communication. and terminal- to- ISDN communication via a sim- 
_ ple gateway, the company believes t. hat the IST-bus has significant advantages over 
_ the ISDN S-bus. (The S-bus only allows the connection of eight terminals and d06S 
not allow ter: minal-to-terminal communication other than via a ‘PAB ( or central . _ a. a 
office oe on a _ — #2 323&=©=7=7&7»CS—=—=~—s—sé—‘_N 


circuit- Bwitoked: Fa dion: meilsiexet B channols and one 2 64K- aoe a -— 
~ switched BD-channel that carries signaling information or data messages. In addition . | S oe 
to its IST-bus interface, the PCB2310 has interfaces for a subscriber- line data link, 
a 2&M-bps terminal highway, and an 8-bit microcontroller. Samples of the PCB2310 
eS are available staal Sal 1908, the bars is esis to sell for around eeO in — 


a pews: run ae ‘BIIN/OS oF operating oe “which has ; an ‘interface that conforms to bl Deo. 


the IEBE’s POSIX and ATé&T’s SVID standards. A 
puter with o one ‘processor, 16M bytes of memory, 


os 150M-byte tape drive, and an Ethernet interface costs $425,500. You can install _ 
oS. as Dae as two Processors | in the Model 20 al d 


: the computer to’ 
_ BiiN is a joint ven 


4 fully configured Model 0/10 com- a 

- , 2 180M-byte disk drive, a a. 

tape drive, and an Ethernet interface costs $55, 000. A fully configured Model C0? 
a computer with two processors, 128M bytes of memory, two 320M- -byte disk drives, 


eight processors in the Model 60. 


with n eight erga ‘the Model 60 allows 3 you to © dynamically select from ¢ one 


~ able error stops - ‘Dl ram éxecusion: The posaditons beeing mode ‘ajisiion: Ae _ 
- redundant proce {e) pairs, so a nonrecoverable error in this mode simply causes — | 

h to the alternate pair without stopping program execution. 

e of Intel Corp aes Clara, ae and Siemens AG oa 

a H Leibson 


West Germany) 
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Flexible Triggering An Issue? 


“SP OPE SAVE 


Ea 


te 


Get the Ultimate in 
Flexibility and Speed! 


Preview Of Trigger Settings 
Operate With Independent Trigger 
and Timebase Settings for Each 
Plug-in. 

200 MegaSamples per second 
Real Time Functions 

Zoom to x256 

Floppy Disk Storage 

PC Software 

Downloadable Software Programs 


Nicolet Test Instruments Division 
BO  —— —— —_  __—«—_—_S_—_Ettssi—=“=ése*elesC=ee=EeEN CL 


5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/356-3090 
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Flexibility — With Nicolet’s 4180 plug-in and 4094C 
Digital Storage Oscilloscope, you can take the guesswork 
out of triggering. The Trigger View feature gives youa 
graphic representation of trigger slope, level and 
sensitivity superimposed on the actual trigger input signal. 
What this means for you is easy and accurate trigger 
setting. Using the 4094C with two 4180’s allows four input 
channels with each two-channel plug-in having its own 
independent time base and trigger settings. That's 
flexibility! 

Speed — Wideband input amplifiers allow you to 
capture signals up to a 1OOMHz bandwidth at digitizing 
speeds up to 200 MegaSamples per second. 

Support — All this with unequalled factory support. As 
a user, your questions are answered quickly without the 
need for customer account numbers or other qualification. 


Nicolet 


INSTRUMENTS OF DISCOVERY 


Write or give usa call! 


from 


$11.45 


filters 


de to 3GHz 


¢ less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 Section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ) 


- over 100 models, immediate delivery PO. Box 350166, Brooklyn, New York 11235-0009 (718) 934-4600 
em eets Vi | 2 STD-20 ? Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


¢ rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 
¢ BNC, Type N, SMA available 


LOWPASS __ Model 


Min. Pass Band (MHz) DC to 900 
Max, 20dB Stop Frequency (MHz) 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 
HIGH PASS —_ Model 

start, max. 1000 
Fear Mr) end, min. | 200| 400 2200 
Min. 20dB Stop Frequency (MHz) 26 55 720 
Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

C105 REV. E 
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tough 


attenuators 


one-piece design defies rough handling tom 


Each unit undergoes high-impact shock test 
Unexcelled temperature stability, 002 dB/°C 
2W max. input power (SMA is 0.5W) 

BNC,SMA and N models (TNC, consult factory) 
Immediate delivery, one-year guarantee 


e 50 ohms, dB values, 

1, 2,9, 4, 0:6, 7,6: 9, 10, 32, 15.00; 3G and 40 
e 75 ohms dB values, 3, 6, 10, 15, 20 BNC only 
e Price (1-9 aty.) 

CAT (BNC) $16.95 SAT (SMA) $20.95 

NAT (N) $23.95 


finding new ways... 
Setting higher standards 


} 
A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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(1-9) 


> 


Atten. Tol. 
fp 


Atten. Change, (Typ.) 
over Freq. Range 


DC-1000 | 1000-1500 | DC-1000 MHz |1000-1500 MHz 
he 


DC-500 MHz (all 40 dB models) 


DC-1500 MHz 
*DC-1000 MHz (all 75 ohm or 30 dB models) 


Model Availability 
SAT (SMA) CAT (BNC) NAT (N). 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


$8.25 (1-9) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 


SMA (model STRM-50), N (model NTRM-50) 


C92: REV.E 
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Introducing two ways 
VME single be 


CPU-37. The workhorse of VME. 


Now you can harness all the power of VME and the 68030 with our new, 
low-cost single board computer. ) 
= The new VME/PLUS™ CPU-37 comes with either a 16.7 or 25 MHz 
68030, SCSI and floppy disk controllers, VMEPROM and 1 MB of memory. 
Options include an Ethernet controller and up to 4 MB of memory. 
With the CPU-37, you now have the power of four boards in one. 
Thus reducing your system cost, weight and space requirements. 
In addition, software products such as UNIX, PDOS, gj VxWorks, OS-9, pSOS, 
VRTX32 and C EXECUTIVE will be available. Plus our #@ Running Start” 
development package will let you start writing your 
applications quickly—under UNIX, PDOS or MS-DOS. 
So if you need lots of horsepower without the 
thoroughbred price, hitch up with CPU-37. 


© 1988 Force Computers, Inc. VME/PLUS and Running Start are trademarks of FORCE COMPUTERS INC. UNIX is a trademark of AT&T. PDOS is a trademark of Eyring Research Institute, Inc. VxWorks is a trademark of Wind River Systems, Inc. OS-9 is a trademark of 
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to get horsepower in 
ard computers. 


CPU-30. The pacesetter of VME. 


Our new CPU-30 shares all the hardworking virtues of the CPU-37, plus it’s 
faster on its feet. 

In fact, it offers the highest level of performance and functionality in 
a 68030 single board computer. And just like CPU-37, our single slot 
CPU-30 has multiple configurations that meet your exact needs. 

The real reason the CPU-30 is such a winner is our 280-pin gate array 
with 22,000 gates. It handles interprocessor communication and high speed 

data transfers much more efficiently. The result is significantly increased system 

throughput in multiprocessing applications like factory automation, simulation, 
test and instrumentation. 

It all adds up to the highest VME system performance you can get. 

So if that’s what you want, why horse around? 

Call us at (800) BEST-VME for CPU-37 and CPU-30 Data 
Sheets and our 1988 Data Book. Count on Force for your 
total VME solution. 


PUTERS 


>> 

© dlp 

VME at its best. 

FORCE COMPUTERS INC. FORCE COMPUTERS GmbH 
Campbell, CA 95008-6557 Telefon (089) 600 910 


Telephone (408) 370-6300 Telex 524190 forc-d 
Telefax (408) 374-1146 Telefax (089) 609 7793 


Microwave Systems Corporation. pSOS is a trademark of Software Components Group, Inc. VRTX32 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JMI Software Consultants, Inc. MS-DOS is a registered trademark of Microsoft Corporation. 
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3165 Winchester Blvd. Daimlerstrasse 9 D-8012 Ottobrunn 


What do IBM, 
HP Raytheon and 
others know 
about 80X86 
embedded system 
development you 
should know? 


PHAR LAP TOOLS. 


Keeping pace in today’s competitive 
environment starts by keeping up-to- 
date on the latest software innova- 
tions. Phar Lap offers you the latest 
solutions for ROM-based software 
development. Start with 386] ASM/ 
LinkLoc. This package includes an 
8086/186/286/386 assembler, a linker/ 
locator for embedded targets, a 
librarian, a debugger and 386]! DOS- 
Extender. And we also offer high 
level languages like C, Pascal, 
Fortran and others. 


These tools are available for a variety 
of hosts including the IBM PC* Sun 
and Apollo UNIX workstations, VAX* 
and MicroVAX* systems. 


So, whether your code is written in 
assembler or a high level language, 
our tools will build programs which 
can be downloaded to ICEs, ROM- 
based debuggers or PROM program- 
mers. Now you know what Phar Lap 
has done for others. Think what it 
can do for you. 


Find out more about our set of 80X86 
tools. Call or write for more informa- 


~ (617) 661-1510 


PHAR LAP SOFTWARE, INC. 
60 Aberdeen Ave., Cambridge, MA 02138 


= 


“THE 80386 SOFTWARE EXPERTS” 


Phar Lap and 386! DOS-Extender are trademarks of Phar Lap 
Software, Inc. 

VAX and MicroVAX are registered trademarks of Digital Equipment 
Corporation. 

IBM PC is a trade mark of IBM Corp. 
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SIGNALS & NOISE 


IEEE lacks 

inspired leadership 

So the IEEE bigwigs have taken 
some carefully worded potshots 
(Signals & Noise, EDN, July 7, 
1988, pg 31) at Jon Titus’s editorial 
“The IEEE faces extinction’ 
(EDN, February 4, 1988, pg 53). 
Executive vice-presidential candi- 
date Robert S Duggan Jr offers 
growth stats and a curt dismissal 
of those “noisy whiners” who stir 
up the mud. President Russell C 
Drew would have you believe that 
the IEEE now embraces the will 
of the majority via approval voting, 
and that it has championed engi- 
neers’ professional needs for dec- 
ades. 

However, the self-serving um- 
brage from the IEEE doesn’t de- 
tract from the editorial’s critical as- 
sessment of the Institute’s hierar- 
chy. Who ever heard of approval 
voting before the board of directors 
made it official policy? Drew’s claim 
that “the voting method for mem- 
ber election of officers and directors 
of the IEEE has not previously 
been specified in either the constitu- 
tion or the bylaws...” is irrele- 
vant. This is an important issue that 
affects every member directly, not 
some cosmetic change in the Poli- 
cies and Procedures Manual. The 
paternal “Father knows best” atti- 
tude of Drew’s letter is a personal 
insult to all IEEE members not 
privileged to sit on the board of di- 
rectors. 

It is true that the IEEE has been 
involved in professional activities, 
primarily through its US Activities 
Board, for many years. But the in- 
spiration for these activities is di- 
rectly traceable to the IEEE’s dis- 
sident element, not to its traditional 
leadership. Faced with membership 
unrest about professional issues, 
the IEEE hierarchy looks upon to- 
ken involvement as an end in itself. 
Drew states: “Pension-reform legis- 
lation has been an active target of 
the IEEE for over a decade.” Ten 
years of effort, and most engineers 


still lose all their pension benefits 
every time they change jobs—it’s 
not exactly a victory for the work- 
ing engineer. The IRA bill of which 
the IEEE is so proud was really a 
tax break for all workers without 
pension plans, not just engineers. 
The legislation went nowhere until 
a broad coalition of support devel- 
oped outside of—and in spite of— 
the IKEE’s efforts. 

The real tragedy where profes- 
sional issues are concerned, inside 
and outside the IEEE, is the lack 
of inspired leadership. No person 
or group has the mandate to set re- 
alistic goals, organize the volun- 
teers, and make the political alli- 
ances needed to pass legislation. 
Irwin Feerst, who has done more 
than most to focus attention on en- 
gineers’ problems and the IEKEE’s 
shortcomings, has only followers 
and enemies—no peers. His attacks 
on other leaders involved with pro- 
fessional issues are legend. Engi- 
neers have too long seen their le- 
gitimate concerns either ignored or 
used as an incendiary device for 
personal vendettas. When will the 
political sophistication develop that 
demands something better? 

Don Mennie 
Technical Editing Consultant 
Mendham, NJ 


An apple for Feerst 


The controversy over Irwin Feerst 
and his Committee of Concerned 
EEs has finally come to the point 
where he can make a difference. 
Hopefully, Irwin Feerst will win 
the position he has sought, and de- 
served, for so many years. 

The professor who voiced his 
opinion in the Signals & Noise col- 
umn of the June 9, 1988, issue 
(EDN, pg 32) seems grossly out of 
line. He is obviously unaware of the 
fact that Irwin Feerst has taught 
graduate-level courses at Adelphi 
University, courses that came 
highly recommended by previous 
students. 

As one of his former students, I 
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can say without reservation: Irwin 
Feerst can teach. There have been 
only a handful of professors I have 
had that could teach. Every profes- 
sor I ever had was a very knowl- 
edgeable man; some were even bril- 
liant, but they had one major 
fault—they couldn’t teach. It is my 
opinion that before a professor is 
allowed to teach at any level, he 
or she should be required to take 
courses on how to teach, and then 
do a year of residency under the 
supervision of a certified teacher. 
Perhaps then professors would be 
better able to convey the facts they 
intend to present to their students. 

With respect to the inference that 
foreign engineers are bad for our 
industry, my only comment is that 
unless your background is Ameri- 
can Indian, you are of foreign an- 
cestry. 

On the subject of training foreign 
engineers, my feeling is about the 
same as that expressed by a sports 


columnist writing about the Soviet 
interest in baseball. Both Ameri- 
cans and Cubans will probably be 
training the Russians in the game, 
but the Cuban philosophy is to 
teach them enough to beat the US 
but not enough to beat the Cubans. 
Perhaps we engineers should adopt 
the same smart philosophy—train 
engineers to beat the competition, 
but not enough to beat us, then let 
them go their chosen way. This 
way, all are happy, and none should 
complain. It makes sense to me, 
anyway. 

I quit the IEEE many years ago 
when it became obvious that the or- 
ganization did not represent the 
working engineer, the true engi- 
neer. It still doesn’t, but perhaps 
there is a light at the end of the 
proverbial tunnel. If so, I may re- 
join. 

David A Meyer 
Professional Engineer 
Verndale, MN 


“Of what use is a baby?” 


I see a problem with the Design 
Idea “Flip-flop multiplies input fre- 
quency” (EDN, July 7, 1988, pg 
279). The 3-stage multiplier circuit 
shown simply produces a burst of 
very narrow pulses on every transi- 
tion of the input signal. What good 
is that? 

Instead of calling it a frequency 
multiplier, perhaps you should call 
the circuit a contact-bounce simu- 
lator. 

Andrew Dart 
Andy’s Bureau of Standards 
Duncanville, TX 


Off-the-shelf idea 


I’d like to offer your readers a sim- 
pler, less costly, and more versatile 
alternative to Irwin Cohen’s Design 
Idea “Circuit screens narrow pulse 
widths” (EDN, May 26, 1988, pg 
209). To wit, Motorola’s MC14490 
Hex Contact Bounce Eliminator 


; 


— 


*WE’VE FACILITIES AVAILABLE 
FROM DESIGN & MOLD-MAKING 
TO STAMPING, INJECTION & 
ASSEMBLY. 


(i, 


CERMARK INTERNATIONAL CORP. 
AFL., NO. 22, LANE 34, TUNG HSING ST. 

NAN KANG, TAIPEI, TAIWAN, R.O.C. 

P.O. BOX: “274” NAN KANG TAIPEI 

TEL: 7865961, 7853374 

TLX: 25819 GOLDLINK 

FAX: 886-2-7868369 

MANUFACTURER: 

HSINMARK INDUSTRY CO., LTD. 
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provides six channels of narrow- 
pulse discrimination in a 16-pin 
CMOS circuit whose filtering can be 
controlled by an RC pair or by an 
external oscillator. 

Although it’s intended for switch- 
debounce applications, this circuit 
can be used in a variety of digital- 
filtering applications. Any number 
of the six channels can be used inde- 
pendently or can be cascaded to ex- 
pand the resolution of the pulse- 
width discrimination. 

Ellery W Potash 
VP Engineering 
Intra Computer Inc 
New York, NY 


Errata 


In the Special Report “PC-resident 
analog-I/O cards” (EDN, Septem- 
ber 15, 1988, pg 150), the $3208 
price for Interactive Microware’s 
ADALAB-PC interface board is in 
error. In fact, the ADALAB-PC 
board costs $655. The $3208 price 
applies to a complete data-acquisi- 
tion system called ALAB-PC- 
SYS2. This system includes the 
ADALAB-PC board, Adapt soft- 
ware, an IBM PS/2 Model 30 com- 
puter with a monochrome monitor, 
a dot-matrix printer, and curve- 
fitter and scientific software. EDN 
apologizes for any inconvenience 
this error may have caused. 

The article also contains an incor- 
rect address for The Markenrich 
Corp (pg 157). The correct address 
is: 

The Markenrich Corp 
1812 Flower Ave 
Duarte, CA 91010 
(818) 359-5223 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton, MA 02158. We welcome all 
comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and clarity. 
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WITH OUR CONNECTIONS 
YOU CAN'T GO WRONG. 


(© MCMLXXXVII Phillips 66 Company ° 


Today's connector designers insist on connectors 
that can stand up to vapor phase and other high 
temperature soldering operations. That's why they 
insist on Ryton’ PPS from Phillips 66. 

Ryton PPS provides outstanding high temper- 
ature performance, dimensional stability, chemical 
and flame resistance. Combine these with Ryton’s 
other outstanding physical and electrical properties 
and you get a resin that will increase both cost- 
competitiveness and performance capabilities. 

With Ryton PPS, you can’t go wrong.For more 
information, call today toll-free 1-800-53-RESIN. 


PHILLIPS 
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PLASTICS WITH POWER TO WIN." 
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MULTICHANNEL 
*AEHENSIVE 
MENT SYSTEM 


with unprecedented —- With its maximum 136 
acquisition channels, complete 
programmability, extensive on- 

edge —_ board waveform processing 

in Confidence. and unparalleled accuracy, the 

new w Tektronix 11800 Series 11800 Series is the clear choice 

for designers and engineers 
working at the leading 


ational 
| Semiconductor 
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Now you dont have to choose 


OUR NEW 256-KBIT 
BiCMOS ECL SRAM GIVES 
YOU BOTH HIGH SPEED 

AND HIGH DENSITY 


Finally, you can gO all out for 


system performance without 

being forced to use low-density 
SRAMs. This new device has an § 

access time of only 15 nano- 

seconds. Yet it has the storage 

capacity of four 64-kbit ECL chips 
in one-fourth the space. 

Its modest power consump- 

tion makes air cooling not only 

possible but practical. It draws a 

maximum of 200 milliamps at 15 

nanoseconds. Longer cycle times 

drop the current down to 

about 120 milliamps. 

In worst-case test- 

ing, power dis- 

} sipation stays 

| below a single 

» watt. In typical 

| applications, it’s 

F only 600 to 700 

F milliwatts. 


IS THE KEY 


ossible is National’s 
‘proprietary BiCMOS III 
e-micron process, 
hich combines the speed 
~ Of pure bipolar with the high 
density, low power, and manu- 
facturability of CMOS. 

It gives you the best ratio of. 


© 1988 National Semiconductor Corp. 
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BiCMOS III 


What makes it all 


NATIONAL MEMORIES 


Volatile 
ECL SRAMs 
CMOS SRAMs 


Non-Volatile 
EPROMs 
EEPROMsS 
PROMs 


speed, power and cost per bit. 

And we designed reliability 
into the process from the begin- 
ning. In fact, one-third of the 
development team had reliability 
as their sole responsibility. 

The pay-off is a life test failure 
rate less than 50 FIT with more 
than 400,000 device hours. And a 
soft error rate less than 100 FIT. 
What’s more, latch-up immunity 


is more than 200 mA. And ESD pro- 


tection is greater than 2,000 volts. 


IT GIVES YOU THE 
PERFORMANCE YOU WANT 


Because of its stable memory 
cell the 256-kbit SRAM tolerates 
skewed address signals without 
disturbed bits. 

Customers—like Cray Research 
—also report low system noise 
and cleaner, quieter, faster signals. 
This high noise immunity is due 
to on-chip decoupling and 
minimal di/dt. 

And because of the chip’s 10-ns 
write pulse with zero setup and 
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between how fast you can go and 
how much you can carry 


hold, it’s easy to design-in in a 
15-ns write cycle. 

Our ECL SRAMS are input/ 
output compatible with existing 
10K and 100K ECL parts. Industry- 
standard pin-outs enable multiple 
sourcing. 


AND YOU GET 
MORE MODELS TO 
CHOOSE FROM 


In addition to our high-per- 
formance SRAMs, we're working 
on a family of specialty ECL 
RAMs and ECL RAMs in advanced 
packaging. 

We also offer you the broadest 
array of memory product families 
of any domestic supplier— 
including TTL SRAMs, EPROMs, 
EEPROMS, and fuse-link PROMs. 

This breadth of product line 
helps you minimize the number 
of suppliers you use. While 
National's large-volume manu- 
facturing ensures availability. 


CALL FOR OUR 
NEW BROCHURE 


For more information on our 
new 256-kbit SRAM—or any other 
memory product—ask fora copy 
of our new memories brochure. 
Call us toll-free at (800) 252-4488, 
ext. 735. 


National 
Semiconductor 


39 


Everything you need 
for ASIC success 
from one reliable source 


An ASIC project is a major commitment of your 
budget and man hours. Give yourself the advantage 
of working with a powerful partner. Oki Semiconductor 
has the experience, resources, and commitment you 
can rely on to help ensure your ASIC VLSI success. 


Advanced ASIC products and technologies 

Oki Semiconductor has complete ASIC capa- 
bilities, from full custom to semicustom ICs. Our three 
families of advanced CMOS ASIC products have been 
designed to meet all of today’s high-density, high- 
speed device requirements. 
>  Sea-of-gates: 
new sea-of-gates channelless arrays provide an avail- 
able 100,000 gates and a minimum 40,000 gate circuit 
logic density of 640 picoseconds. 
> Channelled array: 
new 1.2 » channelled arrays provide speed in the 
subnanosecond range together with a logic density of 
up to 30,000 usable gates. 
> Standard cell: 
the new 1.2 » standard cell family offers density up to 
60,000 gates and an average speed of 600 picoseconds 
plus memory capability of 32K bits RAM and 128K 
bits ROM. 


b) 


ATG and logic transparency 

With automatic test-point generation built into 
each of these new products, test programs can be 
generated in a fraction of the time you’d normally 
syend—without sacrificing logic or speed. All three 
product families also use the same cell design library, 
for logic transparency. 
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Complete ASIC 
Support 
Working 
with Oki means 
you can draw on 
Our vast resources 
and experience 
to back you up at 
any stage of the 
development 
process. We have 
one of the finest 
ASIC teams in 
the industry to 


support you. We also provide the state-of-the-art 
design tools, packaging options, and manufacturing 
capabilities to successfully implement your project. 
With so much on the line, give yourself the security 
of working with Oki—the one source you can rely on 
for all your ASIC needs. 
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Ever hing You Need . 


Je NY Se SAAS a pi i Sisco es SRS ci Sen HT ee ADRS NONSENSE igs as 3 


‘‘Everything’’ is no exaggeration when you're 
talking about IEE’s new PEP/VF™ Model 
4283. We started with a bright 6-line by 
40-character vacuum fluorescent display that is 
easily filterable to a variety of eye-pleasing 
colors. On top of that we added an opto- 
electronic touchscreen for superior display 


appearance. But that’s not all—the list goes on: 


e Fits where a CRT can’t—only 155? 
deep from panel surface 


¢ Low power operation—operates from a 
single +5VDC power supply 


e Simple serial ASCII interface (RS-232-C, 
RS-422-A) 

e Single-piece construction, with environ- 
mentally-sealed bezel 


© Optional custom overlays define user- 
dedicated switch positions 


e Host overhead is reduced by on-board 
‘“canned-message’” RAM 


And all this at an affordable price! 


So, call or write us today about our PEP/VF 
Interactive Display Module, and we’ll give you 
a ‘“‘hand’’... figuratively speaking, of course! 


INDUSTRIAL ELECTROMC ENGINEERS, /NC. 
~ Industrial Products Division 
7740 Lemona Ave., Van Nuys, CA 91409-9234 
~ Tel: (818) 787-0377, Ext. 478 © Telex. 4720693 /EE IPD 
FAX: (818) 902-3723 (G2/G3) 


IEE LIMITED, Unit 6, Park Industrial Estate, Frogmore, St. Albans, Hertfordshire AL2 2DR UK Tel. 0727 74376/Telex: 264992 (G)/FAX. 0727 74300 


42 See us at WESCON ’88 Booth #s 2254/55/56/57 
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“Station that allows the Engineer o 
Arcuit Designer to perform the entire des 
1 ee to- rail Ree decis 


3 dg ‘on a Hi ue it rrated 
: : PERSTATION! 
LOGIC CAPTURE 


‘he PADS-CAE system maximizes Logic Capture 
utomation, while allowing the engineer to con- 


entrate on the design task. This high degree of - 


utomation results from the use of a new type of 
atabase:.A Design-Oriented-Database. All draw- 
1g sheets of the design are simultaneously avail- 
ble - not merely a single sheet, as with most 
ther Logic Capture systems. 


mong ‘the many advantages of th 


. eign C ters use PADS-PCB - 


rstation™ is oe | 
and powerful PC-Based Design eee 


om sheet- to- sheet, and instantly avail- 


neering Documentation, i.e., 


in either the Schematic, or the Board 


EADS CB has revolutionized Printed Circuit 
expectations by demonstrating an 


designers, engineers, and Board 
and for good 
mil resolution, 30 layers, large board 
0 14 pin ICs per board), complete SMD 
t, fine line (1, 2 & 3 tracks between IC 
alog & Digital capability, fast Air 
a checking, Gate & Pin swapping, 
rubber banding, rats’ nest display, 
nteractive and auto placement, interactive & 


~ auto reine" and all required Be eenreg 
Aids (CAM). - 


PADS- PCB i 1S 5 tightly coupled, both to and foi 


PADS-CAE, and from other Logic Capture 


systems using FutureNet™ 


100% COMPLETION 
AUTOROUTING 


The most demanding phase of board design 1 is. 
routing the connections; approximately 70% of the \ 9" 
board design effort is spent in this time consum 


ing, labor nsive task. Every Designer, 


En: 


| Here's how. it works: the Desiener places the 
"components: 0 on ne hg aie ‘Selects the “Route” 


ely Integrated CAE/ CAD 


king across all drawing dices rapid 


Engineering 
rder (ECQ), is easy with PADS. ECOs 


today’s $100,000 Work: Stations. © 


"s dream is to have a 100% completion =. 
“au route and PADS-Superrouter™ brings’ this: ie ee 
oe capability to the Superstation™ 


command, and the SUPERROUTER takes over, -| 
routing around the clock, hour after hour, 


performing this tedious task to completion, or 4 


near completion, while the Designer is involved 
in other tasks. It’s that easy! PADS- 
Superrouter allows the designer to set up a | 
routing strategy based upon the requirements — 
of each board. A costed Maze Search algorithm, — 
using obstacle hugging on a 10, 20, 25 or 50 mil 
grid, and up to 12 simultaneous layers attempts 
to achieve 100% completion. A Rip-up-and-Retry — 
Algorithm is used to obtain this objective. 


Following routing, an Ease-of-Manufacturing ; 
Optimizer prepares the board for maximizing the 


manufacturing yield. Bends and curves put in by — 


obstacle hugging are removed, closely spaced 
tracks are unpacked, corners are made at 45°, 
and all possible Vias are removed. The results 
equal or exceed that of the most experienced 
board designer. 


LOW PRICE 


While the performance and functionality of the L 
PADS-SUPERROUTER is equal to any Work- 
station at any price, its price is competitive with 


the very low cost PC-based CAD systems. The 


price has been structured to allow every engineer — 
in the organization to have his/her own pases 
SUPERSTATION™ ; 


- EVALUATION PACKAGE. 


So that you can appreciate the impact the PADS- 


Superstation™ will have in your organization, we 


have created a Superstation Evaluation Package. | 
It is available at no cost to qualified engineers 
and designers. Please call our Sales Department 
at (800) 255-7814; Inside Mass. (508) 486-9521. 


“a 


CAD Software, Inc. 
Suite #6 

119 Russell Street 

Littleton, MA 01460 
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When you need the highest 
optical power, choose these 
peak performers from Honeywell. 


HFEA854 and HFEA855, 


Announcing two top of the 
line Low Profile leaders. The 
HFE4854 and the HFE4855 
are assembled using our new 
a, HFE4050 component. Both are 
constructed using high tolerance connectors 

and have the LED actively aligned to a fiber optic 
cable. These patented “Caprock” LEDs have a peak 
wavelength matched for use with Honeywell fiber 
optic receivers. Plus, they come equipped with 
standard optical connectors that accept 905/906 
type SMA [HFE4855], or ST® [HFE4854] fiber optic 
cable connectors. 

The new HFE4050 metal package, high power 
LED is featured in both the HFE4854 [ST style] and 
HFE4855 [SMA style] fiber optic connectorized com- 
ponents. They have the highest output power in the 
industry for standard 850 nanometer LEDs. In fact, 
they range from typical output powers of 145 .W 
[—8.4 dBm] to 410 w.W[—3.9 dBm] intoa 100/140 
micron fiber optic cable at 100 mA forward current. 
Our new HFE4070 plastic package, high powered 


LED is featured in both the HFE4856 [ST style] and 
the HFE4857 [SMA style] connectorized compo- 
nents. They include a range from typical output 
powers of 40 .W [— 13.9 dBm] to 115 pW [—9.4 dBm] 
into a 100/140 micron fiber optic cable at 50 mA 
forward current. 

Once you've examined all the facts, you'll see 
why our Low Profile leaders have piqued so much 
interest. And youll agree we're the one choice for all 
your fiber optic needs. That’s because Honeywell 
Optoelectronics is one of the world’s leading designers 
and manufacturers of fiber optic data communication 
components. With our proven track record and the 
experience of the over 100 year old, multinational 
Honeywell corporation you can rest assured we'll be 
there when you need us. Now. And in the future. 

For additional information and data sheets 
of these products contact Honeywell . 
Optoelectronics, 830 E. Arapaho Road, 
Richardson, Texas 75081. Or call 
1-800-367-6786. In Texas call 
214-470-4271. 


Honeywell 
Helping you control your world 


Simplex (SFR) Style Fiber-DIP Modems: SMA 306 Style Fiber-DIP 
Transmitters Transmitters Synchronous Transmitters Transmitters 
Receivers Receivers Asynchronous Receivers Receivers 
LEDs LEDs LEDs LEDs 
Photo Diodes Photo Diodes Photo Diodes 


ST is a registered trademark of AT&T. 
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Photo Diodes 
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IN AN ALL FIRED HURRY 
FOR CONNECTORS? 


s an unreliable connector supplier 
making you hot under the collar? 
To avoid being burned, make sure you 
have an escape route handy: Mill-Max’s ™ : 
catalog of Preci-Dip® brand connectors. It’s a sae 
net filled with thousands of Preci-Dip brand IC, PGA 
and chip carrier sockets, pin carriers/neaders and PC 
connectors. | 
With Mill-Max’s large domestic manufacturing | 

capabilities, plus our huge parts inventory which | 
includes Euro-Dip connectors, we can pump out 
millions of products to satisfy any five alarm emer- | sme 

| 

| 

| 

| 


| have a burning desire 
for the new Preci-Dip connector catalog. | 
Mail this coupon for a free catalog. Or, if you’rein analarming | 
hurry, call (516) 922-6000, and we'll send it to your rescue. | 
| 
| 
| 


gency. But we've also been known to go out on alimb 
to save small pet projects with our custom designs. 
So don't let a tardy connector supplier cause you 
to do aslow burn. Jump over to Preci-Dip connectors 
from Mill- eae the reliable source that 


COMPANY 


ADDRESS 


CITY STATE 


always comes to ZIP PHONE 
MAIL TO: Mill Max, 190 Pine Hollow Rd 
the rescue. | Oyster Bay, NY ‘1771 120 EDN 11088 


sete I ee 
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DATA ACQUISITION: 
20 MHz for<$1500! 


GOLEM's Plug-In Board and software Provides 
Your IBM Compatible PC with these Capabilities: 


Digital Storage Oscilloscope 
Spectrum Analyzer 
Front End to 1-2-3 and Other Packages 


Features: 
¢ Two Channels on Monitor (Hercules, CGA, EGA, VGA) 

20 MHz (40 MS/sec)—Single Channel 

40 MHz (20 MS/Sec)—Two Channel 
e Two Independent Cursors 
e All Setups from Keyboard or File 
e Programmable Retrievable Test Routines 
© Trigger Modes: Auto, Ch 1/Ch 2, Ext. TTL 
e Arithmetic, Integration, Differentiation, 

Mean + RMS, FFT—Selectable Windows 
© Output to Standard Printers and as ASCIl Files 
e Available with 4K, 16K, 128K Buffers 
e Hot-Line Tech Support 


(800) 942-144 


GOLEM ::: 
: 1526 Holly Ct., Thousand Oaks, CA 91360 
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Call for orders or more information 
Master Card and VISA honored 
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CALENDAR 


CASE Benchmarks: A Product 
Comparison Seminar, Denver, 
CO. Digital Consulting Inc, 6 Wind- 
sor St, Andover, MA 01810. (508) 
470-3870. November 14 to 16. 


Expert Systems: An Intensive 
Seminar on Choosing Applica- 
tions and Tools, Chicago, IL. Digi- 
tal Consulting Inc, 6 Windsor St, 
Andover, MA 01810. (508) 470- 
3870. November 14 to 16. 


CASE and the Real World (semi- 
nar), Boston, MA. Digital Consult- 
ing Inc, 6 Windsor St, Andover, 
MA 01810. (508) 470-3870. Novem- 
ber 15 to 16. | 


Pack Expo ’88, McCormack PI, 
Chicago, IL. Robert Newton, 
American Management Associa- 
tion, 185 W 50th St, NY, NY 10020. 
(212) 903-7936. November 15 to 17. 


Falleon ’88 (35th Annual IEEE 
Fall Conference Electronics Exhi- 
bition), Cedar Rapids, IA. Martin 
Ambrose, conference chairman. 
(813) 395-3997. November 16 to 17. 


CASE: A Manager’s Guide (semi- 
nar), Washington, DC. Technology 
Transfer Institute, 741 Tenth St, 
Santa Monica, CA 90402. (218) 394- 
8305. December 6 to 8. 


Fourth Aerospace Computer Se- 
curity Applications Conference, 
Orlando, FL. IEEE Computer So- 
ciety, 1730 Massachusetts Ave NW, 
Washington, DC 20036. December 
12 to 16. 


Programming and Interfacing the 
IBM PC for Data Acquisition and 
Control (short course), Orlando, 
FL. Purdue University School of 
Engineering and Technology at In- 
dianapolis, 799 W Michigan St, In- 
dianapolis, IN 46202. (817) 274- 
0806. December 12 to 16. 


US-Hong Kong Technology Busi- 
ness Conference, Hong Kong. 
Asian American Manufacturers 


EDN November 10, 1988 


THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 
MORE SPEED. LESS WORK. 


MICRO-CAP III” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera- 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis — right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
‘stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance — even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 


EDN November 10, 1988 


Transient analysis 


Monte Carlo analysis 
CIRCLE NO 138 


Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS — supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules® CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver- 
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 


1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
(408) 738-4387 


MICRO-CAP III is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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DC/DC Converter 


1.0mV NOISE 


WITH NO EXTERNAL PARTS 


>100 YEARS 


48 


ry switches that 
reasonable 


CIRCLE NO 99 


The lowest noise general-purpose 
DC/DC Converter on the market, the 
PWR1546A offers a maximum noise of 
just 1.0mV p-p with no external parts. An 
order of magnitude better than many 
others, and ideal for high resolution data 
converters, high gain amplifiers, 
precision test equipment, and other 
noise sensitive applications. 


This new low-cost 2” x 2”, 5 watt dual- 
Output device features standard pinouts, 
six-sided shielding, and a calculated 
MTTF in excess of 890,000 hours at 
+25°C. All minimums and maximums are 
100% tested. 


Other Features Include: 

® Output Voltage ..... +15VDC for 5Vin 
@ Rated Output Current ....... 167mMA 
® Continuous In/Out Isolation . . 750VDC 
@ Temperature Range. . -25°C to +85°C 
@ Short Circuit Protected 


Ask your Burr-Brown sales 
representative for complete details. Or 
call (602) 746-1111, Burr-Brown Corp., 
P.O. Box 11400, Tucson, AZ 85734. 


BURR -BROWN® 


Your Partner In Quality 
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Association, 800 Menlo Ave, Suite 
115, Menlo Park, CA 94025. (415) 
321-2262. December 19 to 23. 


SC Global 89, San Francisco, CA. 
Superconductor Applications Asso- 
ciation, 24781 Camino Villa Ave, El 
Toro, CA 92630. (714) 586-8727. 
January 11 to 13. 


OE LASE ’89, Los Angeles, CA. 
Society of Photo-Optical Instrumen- 
tation Engineering (SPIE), Box 10, 
Bellingham, WA 98227. (206) 676- 
3290; in Europe: SPIE, Koblenzer 
Strasse 34, D-5300 Bonn 2, West 
Germany, 49-228-36-15-46. TWX 
172-283-747. January 15 to 20. 


Fifth Annual Computer Graphics 
New York Show, NY, NY. Exhibi- 
tion Marketing & Management Co, 
8300 Greensboro Dr, ‘Suite 110, 
McLean, VA 22102. (703) 893-4545. 
January 17 to 19. | 


The 1989 Optical Disk Systems 
Conference: From the Mail Room 
to the Board Room, Phoenix, AZ. 
CAP International Inc, 1 Longwa- 
ter Circle, Norwell, MA 02061. 
(617) 982-9500. January 23 to 25. 


ATE & Instrumentation Confer- 
ence West, Anaheim, CA. MG Ex- 
positions Group, 1050 Common- 
wealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 282- 
3976. January 23 to 26. 


Winter 1989 Unix Technical Con- 
ference, San Diego, CA. Usenix 
conference office, Box 385, Sunset 
Beach, CA 90742. (218) 592-1381. 
January 30 to February 3. 


Electromagnetic Interference— 


Characteristics and Control (semi- 


nar), Center for Continuing Engi- 
neering Education, University of 
Wisconsin-Milwaukee, 929 N Sixth 
St, Milwaukee, WI 53203. (414) 227- 
3120. January 31 to February 2. 
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UKE AND PHILIPS - THE GLO BA L ALLIANCE IN TEST & MEASUREMENT 
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10 MILLION DOLLARS ON A PIECE OF PAPER 
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150.000 HOURS 10 DEVELOP A PICTURE 
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We predict the big money will be 
in hardware. 

But only if its of a kind suited to the 
most.advanced electronic media. 

Thats where ICI Imagedata is currently 
leading the way, with two very important 
developments. 

The first is Digital Paper, the data storage 
equivalent of traditional paper. Its low cost, 
indelible and permanent. Yet, unlike paper, 
Digital Paper offers the areal capacity and 
recording advantages of optical disks. 

One 12” reel made from this unique 
material holds up to two Terabytes of data 


(thats 2,000,000,000 Kbytes), on-line if you like. 


Whats more, its flexible. We can cut 
Digital Paper into disks of any size (one 51/4” 
disk provides 1.5 GB of data, fast). Chop it into 
tag form. Or use it as a tape for mass storage. 

Our second development is no less 
impressive. 

It involves a colored ribbon for use ina 
thermal printer, plus a new receiver paper 
which won't tear, scratch, curl or run. 

The process is called dye diffusion 
thermal transfer (D2T2 for short). It produces 


brilliant color images from an electronic 


source (video camera, computer, fax etc.). The 


final picture looks as good as a photographic 


print (with a choice of millions of colors for 


every dot), even though its produced on a 
simple desk top printer. 

So what will these materials mean to 
you, the hardware manufacturer, software 
developer or system integrator? 

A great deal. 

Potential markets for both are 
enormous... everything from data networking 
and logging, on- and off-line storage and 
recording to publishing, computer graphics 
and business presentations. 

ICI Imagedata is already inspiring 
new designs of disk drives, tape drives and 
thermal printers. 


In fact, ICI spends $2.5 million per day 


VOU TAKE A SERIOUS LOOK AT THE FUTURE OF ELECTRONICS? 


on research and development. 

But your contribution in electronics 
will further improve the performance 
standards we've set. Thats why wed like to 
discuss the future with progressive hardware 
and systems developers. 

For a detailed brief on the technology 
and media of the future, call Rick Lamb (D2T2) 
or David Owen (Digital Paper) toll-free at 
1-800-456-3669. 

Or write to us at ICI Imagedata, 
Concord Pike, Wilmington, DE 19897 and 
we'll send in-depth information. 

You'll learn in an hour whats taken us 


considerably longer to develop. 


@) imagedata _ 
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about RISC. But only 


volume. 


Actions speak louder than words. 

That’s what we believe at Fujitsu. And that’s why Sun 
Microsystems came to us to implement the SPARC™ 
architecture for the first time. Now, others are 
finally announcing or sampling their RISC products. 


We congratulate them. 


But what about their volume production? In the 
quantities you require for the computers, workstations 
and peripherals you manufacture. 


Knowing how to do it more than once. 
It’s one thing to produce in the lab — and quite 
another to do it on the line. 
Day in, day out. Year after year. 


We know, because we've been 
supplying RISC products in 
volume since 1986. 

Our ability to ship this new 
technology is a result of many 
years of manufacturing experience, resulting in Fujitsu’s 
ranking as the world’s number one gate array supplier. 
We're a leading producer of memories as well. 


Selecting the architecture that’s right for you. 
At Fujitsu, we recognize the importance of this key 
decision to the future of your company. 


It can make you — or break you. 


That’s why we recommend the SPARC architecture 
of our MB86901 (S-25), and our other RISC devices. 
It provides a stable, cost effective migration path 


as we develop successive generations of micropro- 
cessors and peripherals to meet your future needs. 


SPARC is the only RISC architecture that is available 
from multiple sources — to minimize your RISC risk. 
And the only solution that’s been proven over time 
in the Sun Workstation — to guarantee its capability. 


52-bits that redefine high-performance. 

Our second generation MB86901 high performance 
CMOS 32-bit RISC processor is available now— 

in volume. This 15 MIPS, 25 MHz device is just what 
you need to increase system speed and cut your 
time to market. And it is 
supported by a wide range 
of hardware and software 
development tools. 


Making it happen in 

Silicon Valley. 

Fujitsu’s Advanced Products 
Division is located in San Jose, CA, where all our RISC 
products, including the MB86901, are designed. So 
when you do business with us you get the personal 
attention and technology expertise of Silicon Valley 
engineering backed by the strength ofa $16 billion 
worldwide organization. 


Remember, when it comes to volume — actions speak 
louder than words. 


Fujitsu ships RISC products — now! When you need 
a lot more than one — we're the only one to call. 


(800) 523-0034 


FUJITSU 


FUJITSU MICROELECTRONICS, INC. 


50 Rio Robles, Bldg. 3, San Jose, CA 95134-1804. 
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PCM/78P delivers wide 90dB dynamic 
range with ultra-low -88dB THD + Noise. 


Our new PCM78P 16-bit A/D converter has 
been specifically designed and tested to 
excel in dynamic applications. 


Ideal for digital audio and DSP 

PCM8P provides exceptional dynamic 
performance. . .4us conversion time with 
-88dB THD+N for example. . .at 
significantly lower prices than ever before 
possible. It’s an excellent choice for 
applications ranging from professional 
digital audio equipment, frequency 
synthesizers, and digital reverbs to high 
performance modems and FFT-based 
spectrum analyzers. 


applications. 


PUNO SPEC Re UR IA 


Key PCM78P Features 
m 16-bit resolution 


m 4us conversion time 
m 90dB dynamic range 


m 100% tested and guaranteed 
specifications 


@ optional demonstration board 
simplifies evaluation tasks 


m short cycling, dual serial readout, 
external or internal clocking, other 
features increase design flexibility 


m 28-pin plastic DIP, 0/+70°C temp range 


PCM78P is almost a “drop-in” part; no 
external trimpots or reference needed, easy 
interfacing via the serial port and on-board 
latch. And its fast 4us conversion time 
allows oversampling, reducing the 
complexity of antialiasing filters. 

Your Burr-Brown sales office has complete 
details, including samples and the detailed 
product data sheet. Or contact 
Applications Engineering, 602/746-1111 for 
immediate action. 


Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734 


BURR -BROWN® 


EDITORIAL 


Approach forecasts with caution 


Methods that fit equations to experimental data have been known 
for centuries, but using them to extrapolate beyond measured 
values requires great care. For example, you can use several equa- 
tions to accurately predict the US’s population growth for the last 
few decades. However, using these equations to calculate future 
population values can yield unusual results. 

In fact, one equation shows that the US’s population will plum- 
met fairly soon. Perhaps the equation knows some secret about a 
nuclear war or a widespread famine. But it’s more likely that the 
equation is at fault. People would spend their time better in check- 
ing data and equations than in preparing for the day of destruction. 

Unfortunately, many people put great and often unquestioning 
faith in those who project or forecast future results. Back in 1984, 
many of the so-called industry analysts and forecasters were pro- 
jecting robust growth for the personal-computer market. They 
spoke of continuing growth even as the computer market went 
bust in 1985. It should have been obvious in 1984 that 15 companies 
couldn’t each capture 20% of the personal-computer market, yet 
few of us questioned the analysts as we prepared extra manufactur- 
ing capacity. 

Likewise, many financial analysts were forecasting continuing 
growth in the stock market, right up until the stock-market crash 
in October 1987. It should have been obvious that the bullish stock 
market of the mid 1980s couldn’t continue indefinitely, yet many 
of us believed the “experts” and invested more and more money. 
Prophecies of growth fueled themselves. Common sense no longer 
prevailed. 

Now we hear analysts and seers predicting a recession in the 
semiconductor market within 15 to 18 months. But beware, that 
prophecy may come true simply because we assume it will, and 
because we plan accordingly. Thus, because “experts” tell us to 
expect a recession, we may cut back on important R&D spending, 
stop new projects, cut marketing plans, and shorten employee 
rosters. In response to predictions of gloom and doom, we may 
push ourselves further toward it without questioning the analysts’ 
techniques and projection methods. 

I don’t mean that we shouldn’t plan or that we shouldn’t try to 
anticipate future markets and technical changes. However, we 
should be very wary about accepting what market analysts and 
forecasters tell us about the future. It’s always worth questioning 
their methods and their data. Also, there comes a time to trust 
common sense and to ignore the seers and forecasters: This may 


Bee eee be just the time to do that. 
esse ca e ; 


Editorial Achievement Awards 


1987, 1981 (2), 1978 (2), i) 
1977, 1976, 1975 : 


American Society of 
Business Press Editors Award 


Jon Titus 
1988, 1983, 1981] Editor 


EDN November 10, 1988 59 


' 
as 
= 


u believe EPL 


If yo 
constrained by 


this should open your mind. 


ijt anombsmndbiaaiaicig 


MMAUAY inode ane ASIA abe Ve 


NA NT OHARA 


= 


Hab pee aire seabed 


Pyaar Laon aR 


Areata 


eeinniin 


Tc aaaaaiaaianal 


Introducing MAX. 
A totally new architecture that will 


change your thinking about EPLDs. 


Still think that EPLDs can't be fast and dense? 

Then prepare to erase and reprogram your thinking. 

The new MAX family trom Altera has a radically 
different EPLD architecture that can make 
your fastest, densest designs fly out 
the door in no time. 

With twice the speed and three 
times the density of conventional 
EPEDSs. . 

At the heart of the MAX architecture are 
Logic Array Blocks incorporating three major 
innovations: 

First, streamlined, totally programmable macro- 
cells with multiple control product terms. 

secondly, Logic Expanders that let you assign additional product terms to any macrocell. 

Finally, decoupled I/O that lets you use all your pins and flip-flops independently: 

Tying tt all together, a Programmable Interconnect Array (PIA) links MAX’s multiple LABs 
efficiently. 

When you combine the MAX architecture with a high speed, 0.8 micron CMOS process, 
you get high density devices with extraordinary performance. 

And to getthose devices to market faster, theres MAX+PLUS™ Logic synthesis makes it the 
most powertul, easy to use software ever 
developed for EPLDs. 

That's why the MAX family is destined to 
become the new standard for logic design. 

For more information, call Altera today: 
1-800-545-3377 

And see how easy it is to change your 
thinking about EPLDs. 
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You can choose from a family of 
devices with a full range of densities 
from 16 to 128 macrocells in a variety 
of packaging options. 


MAX Architecture 


Macrocell 


Logic Array Block 
(LAB) Diagram 


At the highest densities, MAX incorporates a Programmable 
Interconnect Array that gives you the high performance of small 
arrays with large array density. 


is atrademark o era Cor 3525 Monroe Street, PO. Box 58163 
eRe are 2 Santa Clara, CA 95052-8163 (408) 984-2800 


©1988, Altera Corporation. 
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1988 Ready Systems Corporation. VRTX is a registered trademark and CARDtools, VRTX 32, RTscope, ARTX, MPV, IFX, Hyperlink, RTAda and Taskbuilder are trademarks of Ready Systems Corporation. Other 
brand or product names are trademarks or registered trademarks of their respective holders. 
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what it takes 


real-time? 


Operating System Debug I/O and File Management 
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Multiprocessing Embedded Networking 
Microprocessors 
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Successful real-time design for 
embedded systems takes more than extra- 
ordinary helpings of craft and creativity. 

It also takes the nght tools. Which may 
explain why our CARD (Computer-aided 
Real-time Design) technology is behind the 
development of well over fifty million lines 
of real-time code. 

Were not talking about ordinary 
tools spruced up with a few real-time exten- 
sions. CARD technology was created 
exclusively for the real-time world specific- 
ally for integrating run-time and software 
development environments. 

We are talking about tools such as 
reusable software components like VRTX? 
the real-time operating systems standard. 
Real-time implementations of C and Ada. 
Automated analysis tools for verifying sys- 
tem performance. Our CARDtools"product 
gives you everything you need including © 
specifically tailored design aids to manage 
software organization and data flow. 

And automated documentation so 
complete, so accurate, it satisfies even the 
DoD's rigid 2167A specs. Not to mention 
the demands of our hundreds of exacting 
commercial customers. 

So if youd like to have what it takes to 
make your next real-time project run more 
efficiently call us, toll free, at (800) 228-1249. 
Or (214) 661-9526 in Texas. 

Because you can only be a success in 
real-time design if you've got the right stuff. 


© READY 
SYSTEMS 
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Need 50 watts of power or less? 


° 
* > ) 
Itchers h h 1 
oko switchers have what you need. 
here’s no need to overbuy or add NO. OF 
extra bulk and heat when you're VAC INPUT | RATED | NO. OF | STANDARD 
SERIES | VOLTAGE | POWER oururs 6.35 
i =e 
15W_ | 


specifying a low-wattage power 
15W | 
PE&PT | 85-132/ SOW 
170-264 1 (PE) 
 50W | 
More high-tech features. money now. 


supply. Toko has the output power you 
MW | 85-264* 
- 30W | 
Because Toko is a low-power specialist, Ask about our Free Sample Evaluation 


need in leading-edge switchers. 

we're at the forefront of technology. “Automatic (no jumpers required) Program. For a free power supply 
For example, our new MW series offers guide and to discuss your own 
85-264 VAC universal input and very high low-power needs, contact Toko 
power densities. All Toko switchers offer America, Headquarters and 
high-switching frequencies and Midwest Branch (342) 297-0070; 
excellent EMI/RFI protection. East Coast Branch (203) 748-6874; 
Southeast Branch (205) 830-0952; 
West Coast Branch (408) 996-7575. 


a sTOKO 


%. TOKO AMERICA, INC. 


Sa =6Your strategic partner... 
ee ; for all the right reasons. 


led to development of switchers that 
pack the most clean reliable power 
into your available space. 


Toko stays on the job. 

With MTBF over 200,000 hours, 105°C 
electrolytic capacitors, 100% 8-hour 
burn-in, and 20% derating of all com- 
ponents, you may never need our 
2-year guarantee. Toko dependability 
and commitment to servicing your 
needs give you the lowest cost of 
ownership in the long run. Our prices 
and no-charge options save you 


With over 250 models in the under 
50-watt category, Toko offers you the 
right switcher at a price that will also 
make the controller happy. Whether 
youre powering computer peripherals, 
portable devices or other systems where 
space is at a premium, Toko is the name 
to know. 


Low power is different. 
The design requirements for a low- 
power compact switcher are as unique 
as your own product needs. Toko’s 30 + 
years of experience in magnetics 
and filtering technology have 
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Arbitrary-wave- 
form generators 
let you make 
your own kind 
of waves. 


Dan Strassberg, 
Associate Editor 
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ARBITRARY-WAV EFORM GENERATORS 


Instruments refine the 
art of signal generation 


rbitrary-waveform genera- 
tors (or ARBs, in the short- 
hand of most vendors) are 
truly flexible tools for analog 
designers. Although the 
technology invites many plays on 
words—wave of the future, making 
waves, catching the wave—the puns 
have a serious aspect. For instance, a 
few vendors insist that ARBs represent 
the wave of the future; their capabilities 
are so desirable, they will totally dis- 
place the more conventional fixed- 
function generators during the next dec- 
ade. ARBs do, of course, allow you to 
make waves: Some instruments produce 


standard waves, such as sine, square, 
and triangular ones, and all of them let 
you define custom waveforms as well. 
And, with the right software, most 
ARBs also let you catch a wave—record 
an interesting waveform from a system 
under test—and play it back repeatedly. 

As with any instrument based on a 
relatively new technology, if you want 
to use it most effectively, you have to 
take the trouble to understand how it 
works. The distinction between arbi- 
trary-waveform generators and fixed- 
function generators is not 
an...ahem... arbitrary one. Most 
ARBs use D/A converters to synthesize 


You can use the HP 5182A waveform recorder/generator to reproduce random noise superimposed on 
a waveform captured from a floppy-disk read head. 
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AMD is introducing 17 low power Call us at 800) 222-9323. Ask 
CMOS FIFOs. for the Specialty Memory Data Book 

They come in a broad range of and find out about your favorite FIFO. 
speeds and densities. Even architec- | And another and another and another. 


tures for specialized applications. Advanced Micro Devices ct 
And they’ re all available NOW. 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088. 
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Arbitrary-waveform generators 


waveforms from the digital data 
stored in a waveform memory; 
fixed-function generators usually 
use purely analog circuit tech- 
niques. (Some ARBs that produce 


predefined and arbitrary waves use | os ee - MAXRE 
. . L ———|—™——UC ' %%™ OF PP NON WAVEFORM | vous 
analog techniques to synthesize the | _MopeL_| price | OUTPUT) |LINEARITYS|" STORE’ ”|IMPEDANGE (0)| COMMENTS 


predefined functions and use digital 
techniques to produce user-defined 


outputs. An example is the 
Tektronix AFG 5101/5501.) 


6, 150° | SEE TEXT 


Special facilities are needed 


ARBs are complicated devices. 
To generate an output that is ac- 
ceptably free of anomalies, DAC- 
based waveform generators have to 
have special facilities. For example, 
ARBs usually include multipole fil- 
ters to smooth the DAC output; 
otherwise, a DAC-synthesized 
ramp would appear to be a staircase 
when you examined it closely. 
ARBs also often include deglitchers 
to remove transient aberrations 
from DAC outputs. 

Nonetheless, when using an 
ARB, you need to keep in mind that 
an arbitrary-waveform generator is 
a sampled-data system and that its 


oS _+(OFON | CmMmAB [sm00) Goo === ous Sc l:Ci‘“AC‘<é‘éO~)OPCBAGED 
fundamentally digital nature may Lo oe ewe Oe lea Se 
profoundly affect its performance in | 3 — .  } } . .}.} }. . 8»8§9=f eC 


certain applications. One instance is | | __ a a 
where an ARB supplies a signal to | 
a system that is sensitive to low 


levels of high-frequency noise. The | eae - o . | Sac, oe [icoutt ons 
specification that holds the key to | 5 Se Ss : | .. . |INSTRUMENT. 


the suitability of a particular gen- 
erator for noise-sensitive applica- 
tions is, of course, its S/N ratio. 
Generally, high-end ARBs specify 
their S/N ratio, but certain lower- 
priced units don’t. 

Most arbitrary-waveform genera- 
tors (Table 1) can send data from 
their waveform memories to their 
DACs at rates no faster than about 
40M words/sec. However, Analogic 
Corp just introduced two genera- 
tors that can go substantially faster; 
Models 2040 and 2045 each specify 
a maximum data rate of 800M 
points/sec. Analogic claims that this 


EDN November 10, 1988 67 


eae rar rr a ee 


TECHNOLOGY UPDATE 


Arbitrary-waveform generators 


capability -makes the 2040 and the 
2045 four times as fast as the previ- 
ous record holders—LeCroy’s 9100, 
9101, and 9109. Both the new 
Analogic units and the three 
LeCroy instruments use 8-bit 
DACs. These DACs have a resolu- 
tion lower than that of the DACs 
in most slower generators, includ- 
ing those in Analogic’s 2020-25 and 
2020-100, which use 12-bit DACs. 


Bits aren’t everything 


It is easiest, but not necessarily 
most meaningful, to characterize an 
ARB in terms of the number of bits 
its DAC can resolve, the maximum 
clock rate at which it can send new 
data words to the DAC, and the 
size (depth) of its waveform-storage 
memory. Taken together, the maxi- 
mum clock rate and the memory 
depth hint at an ARB’s maximum 
output frequency. The maximum 
rate at which an ARB can output 
a waveform is equal to its maximum 
clock rate divided by the number 
of points that define the waveform. 

Suppose you are synthesizing 
sine waves. If you can operate the 
generator so that the output filters 
remove substantially all of the 
higher-frequency components pre- 
sent in the square (or nearly 
Square) wave produced by the 
DAC, you may only need slightly 
more than two points per cycle— 
that is, the generator will produce 
acceptable sine waves to a fre- 
quency just below the theoretical 
maximum (the so-called Nyquist 
frequency). If you can’t use the fil- 
ters in this manner, for many appli- 
cations eight points per cycle will 
be adequate. So, if a generator has 
a maximum clock rate of 50M 
points/sec, its maximum sine-wave 
output frequency will lie between 
6.25 MHz and a little over 20 MHz. 

In fact, the combination of an 
ARB’s DAC resolution, the charac- 
teristics of its output filters and am- 
plifiers, and the level of distortion 
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You have a choice of modular or stand- 
alone mounting with the Tektronix AFG 
5101/5501. Using an analog source, the arbi- 
trary-waveform generator produces sine, 
square, and triangular waves. 


you can tolerate will determine the 
highest frequency at which the gen- 
erator produces an acceptable sinu- 
soidal output. If your application 
can tolerate only very low levels of 
distortion, you may need more than 
eight points per cycle, and you may. 
not be able to accept a generator 
that uses 8- or 10-bit DACs; you 
may need one with 12-bit D/A con- 
verters. (Units that use 16-bit 
DACs will most likely appear 
within the next year.) You'll prob- 
ably be better off, though, if you 
try to determine from the vendor’s 
data sheet what the level of distor- 


tion will be in your application; it’s 
difficult, if not impossible, to pre- 
dict output distortion from DAC 
resolution alone. 


Evaluating vendor claims 


Some vendors of arbitrary-wave- 
form generators claim that ARBs 
produce ramps with linearity sur- 
passing that of fixed-function gen- 
erators. In actuality, there is noth- 
ing inherent in the technology of 
most ARBs that would yield 
linearity better than that of purely 
analog generators. It is possible— 
though not easy—for a manufac- 
turer to build linearity correction 
into an ARB. If you work at it, you 
can make the generator produce 
predistorted waveforms to correct 
for nonlinearity in the DAC or am- 
plifier chain. 

Another vendor contention is 
that ARBs produce waveforms with 
sharper corners than those that 
analog generators produce. Again, 
there is nothing innate in ARB 
technology to make this claim true; 
the waveform corners’ sharpness is 
a function of the bandwidth of the 
analog-signal path. 

A third claimed advantage of 
ARBs over analog generators is an 


By summing and modulating functions selected from a library, the HP 8904A can create 


a very wide variety of waveforms, albeit not any wmaginable waveform. 
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Stop Wasting Power 


New CMOS array features the lowest power dissipation: 8.W/Gate/MHz 


Raytheon’s newest CMOS 

array family, the RL1000, helps 
you achieve optimum power 
performance. It offers the lowest 
power dissipation available— 

at high densities—without 
sacrificing speed. 


L] Lowest Power: Raytheon’s 
8uW/gate/MHz CMOS arrays, 
with 1.0 micron effective channel 
lengths, have available densities 
ranging from 5670 to 20,440 
gates. With 20 tracks per channel 
instead of the standard 16, gate 
utilization is typically 90 percent 
or better. 
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_] High Speed: At 0.3 ns unloaded 
inverter delay, this low-power, high- 
speed array family is perfect for 
portable equipment or where power 
sources are limited. 


L] Other features: The RL1000 
series, with symmetrical switching 
delays, operates at 250 MHz flip- 
flop frequency and is TTL/CMOS 
compatible. 


L] Packaging: All packaging options 
are available. And Raytheon’s 
design support includes an 
extensive macrocell library on 
major workstations. 
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LI Also available in CMOS: 

# Approved VHSIC PHASE I 
gate array: RVG 1.25 family 

= Second source for LSI Logic 
Inc.’s LL7000 Series: RL7000 


Call Raytheon for access to the 
right CMOS technology. Your 
success is Our first priority. 


Raytheon Company 


~ Semiconductor Division 


350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7716 


Where quality starts with fundamentals. 
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ARB’s ability to produce wave- 
forms with discontinuities. Unlike 
the other two claims, this claim has 
some validity. Even though most 
analog function generators can de- 
velop a square wave—the quintes- 
sential discontinuous waveform— 
ARBs offer greater flexibility in 
producing discontinuous wave- 
forms. 

The sharpness of the discontinui- 
ties you can produce with a particu- 
lar ARB depends, however, on the 
characteristics of the amplifiers and 
the filters that follow the DAC. To 
enhance the generation of discon- 
tinuous waves, some ARBs permit 
you to switch their filters out of the 
signal path. When you operate an 
ARB with its filters off, however, 
its S/N ratio will decrease. 


Pick your package 

Within the category of arbitrary- 
waveform generators, you'll find in- 
struments that conform to several 
packaging conventions. The most 
usual are the rack-and-stack or 
stand-alone types (a category that 
Tektronix insists on calling “mono- 
lithic” despite the inevitable confu- 
sion with IC fabrication technol- 
ogy). You'll also find submodular in- 
struments designed to mount in 
proprietary cages; instruments on 
a card that plug into the IBM PC 
bus; and a briefcase-size, PC-based, 
multifunction unit that, in addition 
to generating waveforms, performs 
the functions of other instruments 
(for example, a logic analyzer and 
a DSO) Recently, a VXI Bus-based 
module designed to mount in indus- 
try-standard cages made its debut. 
(Tektronix manufactures this ARB, 
but at the time of publication the 
vendor had not yet established the 
model number or the price.) 

Arbitrary-waveform-generator 
performance and pricing are nearly 
as varied as the instruments’ 
packaging. Base pricing varies tre- 
mendously, from $795 to over 
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A clock rate of 125 MHz and 12-bit resolution are desirable features of the HP 8770S system. 
It also makes use of a workstation for waveform definition. 


$27,000, but you'll find many units 
that fall in the $3000 to $5000 range. 

When you compare ARBs with 
fixed-function generators, arbi- 
trary-waveform generators exact a 
price premium. This premium buys 
you a rich set of features and a lot 
of versatility, but in choosing be- 
tween an ARB and a fixed-function 
generator (or in deciding which 
ARB is best for you), you have to 
keep the dictates of your application 


uppermost in your mind. 

In certain applications ARBs are 
indispensable. A good practical ex- 
ample is disk-drive testing, where 
a generator can replicate long data 
patterns such as the ones you would 
see at the output of a read head 
reading an entire data track. Other 
appropriate applications include the 
simulation of vibration waveforms, 
telecommunications-systems test- 
ing, radar-system testing, and elec- 


The 5920 arbitrary-waveform generator, available from Kron-Hite, boasts an autoprogram- 
mer that executes conditional steps and loops and a master clock whose typical accuracy 1s 
0.01%. 
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Ni ow, ZAX simplifies 
microprocessor design, 
integration and testing with their 
advanced line of ERX- and ICD- 
series emulators. You simply tell us 
the processor that drives your 
design and we tailor a development 
system especially for your environ- 


ment, including full software support. 


Our ERX-series emulators 
provide over 80 debugging 
commands, with 256,000 hardware 
breakpoints, real-time performance 
analysis, high-level language debug 
and trace analysis of program 
execution while you emulate in 
real-time. And they interface 
directly to your personal computer 
(AT-class) to provide you with a 
complete host development station 
and emulation manager. This 
consolidated approach utilizes 
industry-standard equipment and 
eliminates the use of a proprietary 
dedicated chassis. 


Microprocessor 
support Made Simple 


ZAX established the benchmark 
for standaione emulation tools 
when they introduced their versatile 
line of ICD-series emulators. 
Completely flexible, ICD-series 
emulators can be interfaced to 
either a simple terminal or host 
computer (from pc to mainframe) 
depending on your requirements. 
This makes them ideal for both 
in-house development and on-site 
testing. 


Simplify support for your 
microprocessor development 
projects with the help of ZAX! Call 
today to arrange a product demon- 
stration or write for complete details 
about our product line. Call us 
TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) 
or write to ZAX CORPORATION, 
2072 White Road, Irvine, CA 92714. 


In Europe, call United Kingdom: 
0628 476 741, West Germany: 
02162-3798-0, France: (03) 956- 
8142, Italy: (02) 688-2141. 
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Zax Corporation 


See Us at WESCON, Booths #3149-3151 
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Arbitrary-waveform generators 


tromagnetic-pulse simulation. In 
analog circuit design, especially in 
filter characterization, the ability of 
multiple ARBs to produce outputs 
that exactly correspond in phase as 
well as in frequency can be very 
valuable. You can, of course, also 
use ARBs to replace less-versatile 
fixed-function generators. 


Consider an example 


One example of an ARB’s versa- 
tility is the capability to produce a 
sinusoidal swept-frequency output 
whose amplitude varies very lit- 
tle—or not at all—with frequency. 
Most ARBs use linear-phase output 
filters to attenuate the high-fre- 
quency noise components that their 
DAC outputs contain. These types 
of filters’ response exhibits the 
smallest overshoot at waveform dis- 
continuities. Such filters do not, 
however, provide the flattest sine- 
wave amplitude response. 

If you want an ARB to produce 
a sinusoidal output whose ampli- 
tude is independent of frequency, 
you can make its DAC produce a 
waveform whose amplitude in- 
creases with frequency the opposite 


Waveform generation is only one of the cap- 
abilities of Array Analysis’ modular MFI- 
1000. 


of the way the filter’s response rolls 
off. This technique has its limita- 
tions of course: If, at high frequen- 
cies, you try to obtain too big an 
amplitude boost, at low frequencies 
you'll only be using a small portion 
of the DAC’s dynamic range. 

You'll probably want to use your 
ARB to generate simple waveforms 
like sine waves and triangular 
waves, but if that’s all you plan to 
use the generator for, you can save 
yourself money by purchasing a 
fixed-function instrument. Generat- 
ing complex waveforms is an ARB’s 
forte and defining some waveforms 
can require hundreds or even thou- 
sands of points. A generator’s mem- 


For more information... 


For more information on the arbitrary-waveform generators described in this art 
ers directly, circle the appropriate numbers on the Information Ret 


service. 


Analogic Corp 

8 Centennial Dr 
Peabody, MA 01961 
(508) 977-3000 

TLX 6817144 
Circle No 705 


Array Analysis Corp 
200 Langmuir Lab, Brown Rd 
Ithaca, NY 14850 
(800) 451-8514 | 

in NY, (607) 257-6800 — 

Circle No 706 


_ Gage Applied Sciences Inc 

_ 5905 Chemin St-Frangois 

_ Montreal, Quebec, Canada H4S 1B6 
(614) 337-6893 
| FAX (614) 337-8411 

Circle No 707 : 
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Hewlett-Packard Co 
19310 Pruneridge Ave 
Cupertino, CA 95014 
Phone local office 
Circle No 708 


Kron-Hite Corp 
255 Bodwell St 
Avon, MA 02322 
(508) 580-1660 
Circle No 709 


LeCroy 

700 Chestnut Ridge Rd 

Chestnut Ridge, NY 10977 
— (800) 553-2769 : 

in NY, (914) 578-6020 

Circle No 710 


702 Marshall St 


(800) 245-8500 
in CA, (415) 361-8883 
Circle No 711 


Qua Tech Ine 

478 E Exchange St 
Akron, OH 44304 
(800) 553-1170 
TWX 510-101-2726 
Circle No 712 


Tektronix Inc 
Box 3500 


(800) 426-2200 
Circle No 713 


Orion Instruments Inc 


Redwood City, CA 94063 


Vancouver, WA 98668 © 


ory depth can limit the complexity 
of the waveforms it can generate. 
However, some vendors (LeCroy 
for example) make instruments that 
can repeat segments within a wave- 
form, thus allowing them to create 
waveforms that, in effect, contain 
many more points than their memo- 
ries can hold. 

The list of techniques that you 
can use to define waveforms for the 
different generators is nearly as 
long as the list of generators itself: 

@ Defining the ordinate (Y 
value) for each abscissa (X 
value) point; 

@ Defining the ordinates at a 
subset of the abscissa points 
and using a connect-the-dots 
approach to linearly interpo- 
late between points; 

@ Defining the ordinates at a 
subset of the abscissa points 
and using polynomials to con- 
nect the points with a smooth 
curve—the so-called spline-fit 
technique; 

-@ Defining by equations; 

@® Combining segments ex- 
tracted from previously de- 
fined waveforms—as stan- 


icle, contact the following manufactur- 
rieval Service card, or use EDN’s Express Request _ 


“WavetekSanDiego iw 
9045 Balboa Ave 
_ San Diego, CA 92123 
(619) 279-2200 | 
TWX 910-335-2007 - 
Circle No714 
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Finalty high resolution time 
interval measurement at an 
affordable price. The SR620 
Universal Time Interval 
Counter offers 4 ps single-shot 
LSD on time intervals, and Il 
digits of frequency resolution 
in one second. With powerful 
arming, gating, and triggering 
modes, the SR620 can mea- 
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 


The SR620 has built-in sta- 
tistical functions, including 
mean, min, max, standard 
deviation, and Allan variance 


for up to 1 million samples. 
Results may be displayed on 
the front panel, and graphed in 
histogram or strip chart form 
on an X-Y oscilloscope. Hard- 
copy is directly available on a 


plotter, printer, or chart 
recorder. 
With both RS-232 and GPIB 


interfaces standard, the SR620 
is also ideal for ATE applications. 


Whatever your time or fre- 
quency measurement needs 
may be, the SR620 is the 
answer. For more information, 
call us at 408) 744-9040. 


S RS STANFORD RESEARCH SYSTEMS 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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The SR620 provides graphic display o 
histograms and strip charts on any X-Y 
oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 


any graph. 
SR620 $3850 
Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
Maximum time interval 1000 s 
Maximum frequency 1.3 GHz 
Frequency resolution 10° Hz 
Phase resolution 0.001° 
Statistics Mean, Min, Max, 
Std. Dev, and Allan Var. 
Sample size 1 to 10° 
Analyzer Display on X-Y scope 
Graphics Histogram and 
Strip Chart 
Hardcopy Printer/Plotter 
Interfaces GPIB and RS-232 
Oven Timebase (5x 10"°/day) $950 
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DEVELOPMENT 
SYSTEMS | 


° INTROL-C Cross-Compilers 

° INTROL-Modula-2 Cross-Compilers 

* INTROL-Macro Cross-Assemblers 
Provide cost and time efficiency in 
development and debugging of em- 
bedded microprocessor systems 


All compiler systems include: 
Compiler « Cross-assembler « Support 
utilities « Runtime library, including 
multi-tasking executive « Linker « One 
year maintenance « User's manual, etc. 


TARGETS SUPPORTED: 

6301/03 » 6801/03 » 6804 * 6805 » 6809 
¢ 68HC11 * 68000/08/10/12 » 32000/ 
32/81/82 * 68020/030/881/851 


AVAILABLE FOR FOLLOWING HOSTS: 
VAX & MicroVAX; Apollo; SUN; Hewleft- 
Packard; Gould PowerNode; Macintosh; 
IBM-PC, XT, AT and compatibles 


INTROL CROSS-DEVELOPMENT SYSTEMS 
are proven, accepted, and will save 
you time, money, effort with your devel- 
opment. All INTROL products are 
backed by full technical support. CALL 
or WRITE for facts NOW: 


iN. TR OL 
CORPORATION 


647 W. Virginia St., Milwaukee, WI 53204 


414/276-2937 — FAX: 414/276-7026 
Quality Software Since 1979 
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Arbitrary-waveform generators 


dard functions from a library 
or as user-defined functions; 

@ Summing waveforms; 

@ Modulating one waveform by 

another; 

e Digitizing waveforms 

sketched on a graphics tablet; 

e Playing back prerecorded 

waveforms; 

@ Combining some or all of the 

above techniques. 

This list does not include the abil- 
ity that most generators have of 
gating their outputs on and off, 
often under control of an externally 
derived signal; of producing wave- 
form bursts; and of varying their 
output frequencies, sometimes un- 
der control of an arbitrary function 
of time. 

To facilitate the use of these tech- 
niques, some vendors have devised 
special waveform-description lan- 
guages that run on external com- 
puters. Others have implemented 
the waveform-generation capability 
in firmware, thus allowing (or re- 
quiring) you to use the generator 
itself for waveform definition. 


Go for a drive 


Learning how simple or difficult 
a particular instrument’s definition 
process will be for you really re- 
quires a “test drive.” Watching a 
demonstration by someone familiar 
with the operation of a particular 
instrument can be misleading by 
making a fairly complex operation 
look simple. 

When an ARB catches a wave— 
accepts digitized waveforms, 
whether from a graphics tablet or 
from a waveform digitizer—the 
waveforms are loaded into the gen- 
erator in one of two ways. Some 
generators include disk drives, and 
others require you to load memory 
via an RS-232C or an [EKE-488 
port. Certain instruments have 
nonvolatile, battery-backed wave- 
form memory, whereas others re- 
quire that you reload the waveform 


An 800-MHz clock rate, which the vendor 
claims is the fastest of any arbitrary- 
waveform generator, 1s the most notable at- 
tribute of Analogic’s 2045. 


memory each time you apply 
power. If a generator has a volatile 
waveform memory and no disk 
drives, each time you use it you 
must be prepared to round up the 
other instruments necessary to 
download waveforms into the gen- 
erator’s memory. 

If your work involves analog cir- 
cuits, telecommunications technol- 
ogy, electromechanical systems, 
electromagnetic-pulse research, or 
any of several similar disciplines, 
the chances are that you can benefit 
from an arbitrary-waveform gen- 
erator. ARBs aren’t for everyone, 
however. Although you can expect 
the cost of the DACs and the digital 
components that ARBs use to con- 
tinue to decline, yielding lower-cost 
generators in the future, for now 
you must be prepared to pay a price 
for flexibility and versatility. The 
likelihood is small that selecting an 
ARB over an analog generator will 
cause you insurmountable technical 
problems, but no substitute exists 
for learning the advantages and 
limitations of the instrument you 
are thinking of purchasing before 
you spend your company’s money. 

EDN 
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Here's a new and totest complex” 
better system... boards like these. 


Ideal for the first-time = And it’s much more—includinga Custom hardware, 


ATE user—and the et é O tester and an IEFE-488 software, and every- 
2 controller. 

experienced ATE The Madd #78 provides vou step-of-the-way 
specialist with the benefits of both ROM support 

Maybe you’ve never used and CPU emulation: low cost If a standard 7700 System 
Automatic Test Equipment. Or (only one pod is needed); board doesn’t meet your needs, we'll 
maybe you’re a seasoned ATE testing at full system speed; and create custom hardware, design 
*“‘poro.’’ In either case, the new troubleshooting capabilities even test fixtures, and write custom 
TEMCO 7700 Test System when the UUT software for you. Whatever your 
will make your job has a dead kernel. requirements, from day one we’ll 


And thanks to provide you with all the technical 
TEMCO’s unique ‘Support you need. Our toll-free 
Touchscreen, com- ‘umber puts help as close as your 


easier—by providing 
you with testing options 
and strategies you have 


never had before. municating with telephone. 
: the 7700 couldn’t Call us at 1-800-442-5525 
More testing mee mee be easier. In just today to learn more about the 
capability ten minutes, even Model 7700, and to get your free 
per dollar inexperienced operators can learn _ copy of the informative booklet, 
: to test complex boards to the **Test Strategies 
Bos a component level. for the 1990's: \ 
: a2 Ti ; | “ris 
digital tests. . .microprocessor tests. Bhs : | eee 
It’s a signature analyzer...a : | and : Vo 


counter.. a multimeter. Solutions. © 


200 West Washington Street 
Lewisburg, West Virginia 24901 
Telephone toll-free 1-800-442-5525. In WV, (304) 647-5102. FAX 304 647 4703. "5 
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2kVA DC Motor Speed 
1 Integrated Circuit. | 


SGS-THOMSON Microelectronics. mains, ally you ne 


The Brighter Power. Who else and just oa 
could pack somuch powerandso — components. — 
many performance features into a There’s more. T 
single chip? tees efficient heat 


The new 2kVA VB100 from of assembly beca 
SGS-THOMSON’s revolutionary SGS-THOMSON’s inno 
ViPower™ (Vertical Intelligent try standard Multiwatt® t® | 
Power) family includes a high And the best is bi nes on 
voltage PWM controller, plus driver J 
circuits for the high voltage output 
darlington, plus thermal protection, 
plus, of course, the output darling- ob. easier and your applica cat 10 
ton itself—all on the same chip. more powerful. | oe 

And if that’s not enough, con- For more information on theV 100 
sider that the VB100’s 450V output = and all the other devices inthe _ 
darlington has arating of up to5A. © SGS-THOMSON VIPower range, 2 
So even if you want to drivea2kVA contact the sales office or distribu- ae 
DC motor directly from the rectified tor nearest you. a 


Multiwatt is a registered trademark of SGS-THOMSON Microelectronics, SGS-THOMSON Microelectronics S.A. 
group of companies. VIPower is a trademark of SGS-THOMSON 7 Avenue Gallieni BP93 
Microelectronics, group of companies. 94253 Gentilly Cedex 


tel: (43-1) 47407575 
tlx: 632570 STMHO 
Fax: 47407910 


— -THOMSON’s VviIPower ee the Competition | 


VERTICAL DMOS SIGNAL SECTION 
PNP 


| POWER TRANSISTOR PMOS o 
ZZ ZZ POP DA e PE PY Pe PA pp A LD 
Power (Vertical Zp" EOP iw — Shall ai — GLA Yo Bees te 


nt ligent Power) gives 
high voltage and 
power c 


used for the signal and power stages: 
¢ MO-NMOS/Power DMOS _ 

¢ M1-bipolar/Power bipolar : 
°M2- -bipolar, CMOS, DMOS/ Power MOS. 
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Signal processing, when you come right down to 
it, is multiplication, addition, subtraction and stor- 
age. Doesn't sound very exciting. 

But put together a set of building blocks that do 
those simple operations with almost unimaginable 
digital speed and precision. Then add A/D con- 
verters that bring in information from the world 
around you. Plus D/A converters that restore the 
digitally processed signals to a form your senses 
can understand. 

And you've built a signal processing system that 
will enable you to do things that couldn't be done 
before, see things that couldn't be seen before and 
understand things that could never be understood 
before. 

That's exciting. And we can help make it happen. 


Complete systems solutions. 
Our approach to signal processing is simple. 
78 


The Rosetta Stone, discovered in 1799, 

was the key to deciphering the hiero- 

em glyphics that had been incom 
ee prehensible for centuries. 


We've taken our unparalleled experience in data 
conversion and added to it a set of signal 
processing chips that perform operations that used 
to require entire circuit boards. 

Here's a sample of what they can do for you: 

ISP 9110 12-Bit Microprogram Sequencer: expanded 
33 word stack, 50 ns minimum cycle time. 

ISP 9119 FIFO RAM Controller: uses standard 
RAMs to build FIFOs up to 64K deep, 15 MHz 
operation. 

ISP 9128 FIR Filter Controller: implements 16-bit 
filters to 128 Taps, 128 Tap sampling rate of 
100kHz. 

ISP 9210 16x16 Multiplier Accumulator: innovative 
high-speed architecture (65 ns commercial, 75 ns 
military), low-power operation. 

ISP 9216 16x16 Multiplier: low-power, industry- 
standard compatible to AM29516 and MPYO016. 

ISP 9520/21 Pipeline Register: high-speed access, 
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output selectable from any register. 

With devices like these, we can give you a total 
integrated signal processing solution. Plus the 
added benefits of single-vendor support and pack- 
age pricing. 


Position yourself for the future. 


Signal processing is changing every day. 

That's why you need more than a signal proces- 
sing supplier who has a few good parts. 

You need a long-term partner who has a commit- 
ment to signal processing, and the resources in 
every area that signal processing calls upon. 

For example, the chips of tomorrow will very 
likely combine signal processing, data conversion 
and high-speed logic. When you work with us, 
you'll get our Intersil expertise in processing and 


conversion. Plus our RCA Advanced CMOS Logic 
capabilities. Plus the more than 20 years of GE 


EDN November 10, 1988 


experience in radar, sonar, medical imaging and 
other demanding DSP applications. 

If worries about complexity and cost have 
deterred you from taking the exciting step into 
digital signal processing, call us. Together, we'll 
step into the future. 

For more information, contact your local GE 
Solid State sales office or distributor. Or call toll- 
free, 800-443-7364, extension 30. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 
68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
General Electric Company, U.S.A. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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Introducing the friendly 
lithium battery. 


Our new user replaceable lithium bat- 

teries are so well-designed...so reliable, 

that once you design one in, forgetting it 

is about all there’s left for you to do. No 
| leads. No soldering. 

Because now users can replace the 

battery themselves...quickly and easily. 

Leaving your technicians free to handle 
more important jobs. 

And with their long life, high energy den- 
sity and wide temperature operating ranges, 
our batteries will still be hard at work 
long after you’ve forgotten them. We’ve 
already proven that with more than 10 
years of reliable performance. 

_ As for delivery, our 3 volt single cell and 
volt dual cell batteries are available 
ight now. In the quantities you need. 
All of which helps to explain why they're 
chosen by world leading computer an 
camera manufacturers. : 

Panasonic® replaceable lithium bat- 
teries...designed to be forgotten. 

For the rest of the story, contact the 
Panasonic Battery Sales Division office 
nearest you. 


Headquarters: 
SECAUCUS, NJ 07094 @ (201) 348-5272 


Southeast: 
NORCROSS, GA 30093 e (404) 925-6768 


North Central: 
ARLINGTON HEIGHTS, IL 60005 @ (312) 981-4820 


South Central: 
FT. WORTH, TX 76155 @ (817) 685-1150 


West Coast: 
GARDEN GROVE, CA 92645 e (714) 373-7538 


| gn it in. 
And forget it. 


™a\ Panasonic 
u Industrial Company 
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Everyone's talking about it now, but we've been shipping it 
since 1982. And we’ve continued to set the real-time standard 
every year since. RTU™, our real-time enhanced UNIX 


operating system, provides guaranteed 


response plus the flexibility and compatibility 
of AT&T System V and 4.2 BSD. 


Scientists, engineers, systems integrators, 

and OEMs can choose from a family of 
MC68030/020-based multiprocessor 
computers, from 3 to 25 MIPS, with VMEbus'™ 
and Multibus."™ They’re designed for high- 
performance applications in data acquisition, 
digital signal processing, imaging, C*I, and 
real-time simulation. 


What’s behind the trend to real-time UNIX? 
Want to learn how your real-time application can benefit 


from UNIX power and compatibility? 


UU] MASSCOMP > 


UNIX is a trademark of AT&T Bell Labs. 
MASSCOMP and RTU are trademarks of Massachusetts Computer Corporation. 
VMEbus is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporation. 
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Send in the coupon below for your free copy of 
Understanding Real-Time UNIX, by Prof. John Henize. 


Get in tune with the best real-time systems 
available. 


1-800-451-1824 
(MA 508-692-6200) 


Send this coupon to MASSCOMB, Dept. I-DN, 
One Technology Way, Westford, MA 01886 


LJ YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 


L] Send me information on MASSCOMP real-time 
computer systems. 


NAME 
TITLE 

COMPANY 

ADDRESS 

CITY 

PHONE 

MY APPLICATION IS: 


EDN 111088 


The “Look and Feel” CAE Users Have Been Looking For 


On-Screen Prompt line makes 
it easy to find the feature 
youre looking for. 
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Hierarchical Menus eliminate 
keyboard commands. 
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Action Button selects 
functions. 


Menu Button toggles 
between menu and 
graphics. 


Pan Button Redraws 
screen around 
cursor location. 


EE Designer III takes 
advantage of all 3 mouse 
buttons for maximum 


operating speed and 
throughput. 


EE Designer III supports workstation-quality 
graphics up to 1280 x 1024 resolution, or uses 
standard VGA, EGA, or CGA color graphics. 


Command Line displays 
selected function. 


Introducing EE Designer IIT 


The first ergonomic PC-based CAE software system 


The fact is that today’s CAE 
software systems have a lot of 
features. The problem is that 

ou have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 


Finally, an integrated desktop CAE 
software system with all the features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 


EE Designer III combines on-screen 
function prompts with a graphic- 
based hierarchical menu structure. 


Outside North America Contact: 


ETRONEX 


ELEKTRONIK AB 
Box 1337 


S-181 25 LIDINGO, Sweden 
Tel: +46 8 7679205 
Fax: +46 8 7318118 


CIRCLE NO 156 


So whether you’re capturing a sche- 
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 


The EE Designer series of products 
is distributed worldwide by a com- 
bination of Visionics Corporation 
in North America and Betronex 
Group in Europe, Asia, Australia 


and South America. 


Join the family of over 7000 world- 
wide users who have found that the 
EE Designer series of products get 
the job done. 


In North America Contact: 


343 Gibraltar Drive 


Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: (408) 734-9012 


TECHNOLOGY UPDATE 


Designers of high- 
frequency switch- 
ing power supplies 
are beginning to 
explore resonant- 
mode conversion 
to overcome the 
disadvantages of 
pulse-width- 
modulation 
techniques. 


Dave Pryce, 
Associate Editor 
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ICs use resonant-mode 
conversion techniques 


ile systems designers 
continue to fuel the de- 
mand for cost-effective 
power supplies that pro- 
vide ever higher power 
densities, designers of switching power 
supplies are taking aim at these targets 
with some potent high-frequency ammu- 
nition. Although high-frequency power 
conversion offers the advantage of- 
smaller power supplies having high 
power densities, there are disadvan- 
tages to the conventional pulse-width- 
modulation (PWM) techniques used with 
most high-frequency switchers. 

Among these disadvantages are 
added losses in the power switches dur- 
ing turn-on and turn-off, increased EMI 
and RFI, and increased power losses 


Fig 1—The power-switch waveforms for PWM (a) and FM (b) converters exhibit significant differ- 
ences. With PWM (pulse-width-modulation) conversion, there is simultaneous conduction of voltage 
and current during part of the switching cycle. FM (resonant-mode) conversion generates a sine wave, 
which can be switched at zero current. 


caused by parasitic capacitance and 
leakage inductance. To overcome these 
disadvantages, designers of high-fre- 
quency switchers are beginning to ex- 
plore resonant-mode conversion, a form 
of frequency modulation (FM). 


Compared with PWM circuits, reso- 


nant-mode switching circuits offer a 
number of advantages. For example, be- 
cause the resonant circuit generates a 
sine wave, designers can operate the 
power switches at zero-current and 
zero-voltage points in the resonant 
waveform, greatly reducing the power 
loss in the switches. Fig 1 illustrates 
representative waveforms of current 
and voltage for PWM control and reso- 
nant-mode control. 

Equally important, the sine wave 
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produced by the resonant circuit 
minimizes the generation of high- 
frequency harmonics, which, in 
turn, reduces EMI and RFI. More- 
over, because the resonant circuit 
has relatively large inductance and 
capacitance values, parasitic reac- 
tive elements have less effect on the 
overall circuit performance. In fact, 
designers sometimes utilize the 
junction capacitance of the switch- 
ing transistor or the leakage induc- 
tance of the transformer as part of 
the tuned circuit. 

Although myriad variations are 
possible (see Table 1), all resonant 
converters have one thing in com- 
mon—a tuned (resonant) L-C tank 
circuit. Activated by a dedicated 
resonant-mode controller, the con- 
verter’s switching transistor drives 
the resonant circuit with a square- 


EDN November 10, 1988 


L PUSH HALF ’ 
GE PULL BRIDGE BRIDGE 


ARALLEL LOADED 
RO-CURRENT SWITCHED) — 


BUCK FLYBACK BUCK 


‘DERIVED _ | 


wave pulse of voltage or current. 
The action of the resonant circuit’s 
circulating current converts the 
square-wave pulse to a sine wave. 
Depending on circuit requirements, 
some or all of this circulating en- 
ergy is used to supply power to the 
load. 

The quality factor, Q, of the reso- 
nant circuit determines the actual 
purity of the sine wave, but Q is 
not the major consideration. Of 
more importance is the impedance 
of the resonant circuit compared 
with that of the transformer or the 
load. This relationship is largely 
determined by the circuit configura- 
tion. 

Fig 2 shows two basic circuit con- 
figurations—the series-loaded con- 
verter and the parallel-loaded con- 
verter. As the name implies, the 


Fig 2—Resonant-mode converters can vary 
in their method of output loading. Series- 
loaded converters (a) act as current sources. 
Parallel-loaded converters (6) act as voltage 
sources. 


series-loaded converter has its load 
in series with the resonant-circuit 
elements and acts as a current 
source with a high-impedance out- 
put. Conversely, the parallel-loaded 
converter has its load connected 
across the resonant-circuit elements 
and acts as a voltage source with a 
low-impedance output. 

To some extent, the choice of a 
basic circuit configuration depends 
on the application. For example, 
supplies used to drive a capacitive 
load are usually better served with 
a series-loaded converter that acts 
as a current source. Other supplies, 
such as those used to supply vary- 
ing amounts of current to a 5V bus, 
usually employ a parallel-loaded 
converter. Fig 3 shows two com- 
monly used circuits for resonant- 
mode control—a_series-loaded 
flyback converter and a parallel- 
loaded half-bridge converter. 

All resonant-mode control cir- 
cuits keep the pulse-width constant 
and vary the frequency, unlike con- 
ventional control schemes, which 
use fixed-frequency pulse-width 
modulation. There are two possible 
modes of variable-frequency control 
that define the flow of current in 
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These resonant-mode control chips from 
Unitrode provide sine-wave switching for 
regulating the output of switch-mode power 
supplies. 


the resonant circuit: continuous and 
discontinuous. 

In the continuous mode, the cir- 
cuit operates either above or below 
resonance. The controller shifts the 
operating frequency either toward 
or away from resonance, using the 
slope of the resonant circuit’s im- 
pedance curve to vary the output 
voltage. But, because the peak cur- 
rents and/or voltages tend to be 
very high, this mode of operation 
is not commonly used. 


Discontinuous mode is popular 


In the discontinuous mode, the 
control circuit generates pulses hav- 
ing a fixed on-time, but at a varying 
frequency determined by the de- 
mands of the load. This mode of con- 
trol—often called quasiresonant— 
does not generate continuous cur- 
rent flow in the tuned circuit and 
usually operates at a maximum fre- 
quency that is below resonance. 
You can use the discontinuous mode 
of control with practically all power 
conversion topologies, including the 
flyback, forward, and bridge types. 

Although many conference pa- 
pers delivered over the past several 
years have described the theory 
and applications of resonant-mode 
power conversion, it is only re- 
cently that designers have had ac- 
cess to cost-effective control circuits 
that integrate the key functions. 
Three manufacturers offer these 
dedicated ICs: Gennum Corp, 
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Fig 3—Both of these basic converter circuits use primary-side series resonance. The 
flyback converter (a) is series loaded. The half-bridge converter (b) is parallel loaded. 


Cherry Semiconductor, and Uni- 
trode Integrated Circuits. 

Gennum Cory (previously Linear 
Technology Inc) of Canada was the 
first company to introduce a reso- 
nant-mode controller. Gennum’s 
LD405 chip became available about 
18 months ago. In June of this year, 
the firm introduced the GP605—an 
improved version of the LD405 
that’s not pin-compatible with the 
LD405. Both the LD405 and the 
GP605 are packaged in plastic DIPs 
and cost $3.76 (1000). The GP605 
is also available in an SOIC package 
for $4.35 (1000). 

Cherry Semiconductor, in an ex- 
change agreement for its CS3842A 
PWM control chip, obtained the 


manufacturing rights for the Gen- 
num LD405 almost a year ago. 
Cherry sells its CS3805 version for 
$3.65 (1000) in a plastic DIP. Many 
believe that Cherry will also offer 
a version of the Gennum GP605. 

Unitrode Integrated Circuits, an 
innovative supplier of PWM control 
chips, introduced its UC3860 family 
of resonant-mode control chips in 
June of this year. The UC3860 can 
supply about four times the drive 
current and operate at higher fre- 
quencies than the devices from Gen- 
num and Cherry. It is also more 
expensive. In a plastic DIP, the 
UC3860N costs $11.12 (1000); in a 
plastic leaded chip carrier, it costs 
$12.25 (1000). 
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Fig 4—The LD405 resonant-mode controller operates at frequencies to 1 MHz. The Gennum 
Corp device is second-sourced by Cherry Semiconductor as the CS3805. Gennum’s GP605 
is similar but has built-in Schottky diodes, a 5V reference, and a special power-ground pin. 


Although varying in detail and 
complexity, all of these resonant- 
mode control chips provide the 
same basic functions. All contain a 
VCO that varies the operating fre- 
quency, a monostable circuit that 
establishes the pulse on-time, and 
a steering circuit that determines 
the output drive mode (single ended 
or complementary). The chips also 
provide many of the same basic pro- 
tection features—such as soft-start, 
undervoltage lockout, and overload 
protection—albeit in different ways 
and with varying degrees of sophis- 
tication. 


Devices operate to 1 MHz 

The Gennum LD405 (Fig 4) and 
the Cherry CS3805 are pin-compat- 
ible and electrically equivalent de- 
88 


vices. With these chips, the pulse 
width is held constant while the fre- 
quency is varied over the operating 
range. The chips feature a drive- 
current capability of 200 mA, a fre- 
quency range of 10 kHz to 1 MHz, 
synchronous overload shutdown 
with delayed restart, synchronous 
overvoltage/undervoltage protec- 
tion with remote shutdown, a soft- 
start function, and single-ended or 
complementary outputs that can 
drive power MOSFETs. 

The operating frequency range 
(min and max) of the LD405 is set 
by an external resistor and capaci- 
tor at the VCO pins. A monostable 
circuit sets the T,, time (pulse 
width) via an external parallel- 
connected resistor and capacitor. 

Although you can set the maxi- 


mum frequency of the LD405 as 
high as 1 MHz, internal delays limit 
the maximum duty cycle. For exam- 
ple, at Fymax=1030 kHz and 
Ton = 500 nsec, the maximum duty 
cycle is 51.6%. At Frm, =394 kHz 
and T>,=2000 nsec, the maximum 
duty cycle is 78.9%. Because energy 
conversion takes place only during 
the on-time, the duty-cycle limita- 
tion lowers the practical Fax 
value. 

You can change the output drive 
of the LD405 via the SEO pin. 
Grounding this pin enables a flip- 
flop that controls the output AND 
gates, sending the drive to OUT A 
and OUT B in a push-pull mode. 
Opening the SEO pin puts the chip 
into the single-ended mode. In this 
mode, the frequency is doubled in 
comparison with that of the individ- 
ual outputs in the push-pull mode. 
Because the outputs are identical 
in the single-ended mode, you can 
connect them in parallel for in- 
creased drive capability. The on- 
time is independent of the mode of 
operation. 

Among the other features of the 
LD405 is an overvoltage/undervolt- 
age (OVUV) window comparator 
that you can set externally. The 
soft-start function provides a rela- 
tively slow change from the mini- 
mum VCO frequency to the value 
set by the VCO input. The soft- 
start initiates with each start-up, 
as well as after any forced shut- 
down. Shutdown is achieved either 
by grounding the remote shutdown 
pin (RSD) or by applying a voltage 
in excess of 3.2V to the overload 
pin (OL). 

Each time the overload block 
shuts down the chip, it does so in 
a hiccup mode that lasts from 0.5 
to 2 seconds; the exact timing is set 
by an external capacitor at the 
OLRD pin. This type of overload 
protection is especially effective on 
prolonged overloads—the con- 
verter still automatically recovers 
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Fig 5—The UC3860 resonant-mode chip operates at frequencies to over 2 MHz. The Unitrode device can supply 2A (peak) of drive current 
to a power MOSFET. In addition to the standard functional blocks and protection features, the UC3860 contains an on-chip error amplifier — 


and an uncommitted comparator. 


once the voltage on the OL pin 
drops below the threshold level. 

Because every shutdown in the 
LD405 is synchronous with the 
monostable circuit, the controller 
never interrupts T,, in the middle 
of a pulse. This feature is particu- 
larly important for resonant power 
supplies because an interruption in 
the resonant cycle might cause ex- 
cessive voltage spikes, which could 
damage the semiconductor switch- 
ing devices. 

Gennum provides an excellent 25- 
page application note on the opera- 
tion of the LD405, which includes 
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both the theory of operation and a 
schematic for a 125W resonant- 
mode power supply. Gennum’s 
GP605, although essentially identi- 
cal to the LD405, has some subtle 
but important differences. The 
GP605’s frequency range extends 
from 1 kHz to 1.2 MHz, compared 
with 10 kHz to 1 MHz for the 
LD405. The GP605 also features on- 
chip Schottky diodes; a special 
power-ground pin; and an internal 
OV regulator, which is brought out 
to external pins. Because of these 
differences, the LD405 and GP605 
are not pin compatible. 


The basic architecture of the 
UC3860 (Fig 5) from Unitrode is 
similar to the LD405 and GP605 
from Gennum and the CS3805 from 
Cherry. Each of these devices con- 
tains essentially the same functional 
blocks and protection features, al- 
though the implementaion varies. 
The difference between the UC3860 
and the other three lies not so much 
in function as in performance. 

For example, the UC3860 can op- 
erate at a maximum frequency of 
at least 2 MHz, compared with 1 
MHz for the LD405 types. The 
UC3860 provides 800 mA of output- 
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drive current, compared with 200 
mA for the other devices. And the 
UC3860’s low propagation delays 
permit a duty cycle of over 90% at 


a frequency of 1 MHz and about 
78% at 3 MHz. More important, the 
UC3860 can handle peak currents 
of 2A, and its 24-pin DIP has a dissi- 


pation rating of 1.25W at an ambi- 
ent temperature of 50°C. The 
Cherry/Gennum 16-pin devices are 
rated at 900 mW at 50°C. 


For more information. . . 


For more information on the resonant-mode control chips mentioned in 
this article, contact the following manufacturers directly, circle the appro- 
priate numbers on the Information Retrieval Service card, or use EDN’s 


Express Request service. 


Unitrode Integrated Circuits 
7 Continental Blvd 
Merrimack, NH 03054 

(603) 424-2410 

Circle No 702 


Cherry Semiconductor Corp 

2000 S County Trail 

East Greenwich, RI 02818 

(401) 885-3600 - 
Urcte No bad 


ee Can. 

Box 489, Station A : 
Burlington, Ontario, Canada LTR 3Y8 
(416) 632-2996 

in US, (800) 263-9353 

Circle No 701 


What also sets the UC3860 apart 
from the other chips is an error am- 
plifier and an uncommitted com- 
parator. The on-chip error amplifier 
has a typical unity-gain bandwidth 
of 5 MHz (Ryn =2 kQ) and an open- 
loop gain of 80 dB. It can function 
as a gain block when used with op- 
tocouplers to: get across the isola- 
tion boundary in switching power 
supplies. Moreover, the error am- 
plier in the UC3860 works with 
the chip’s VFO to obtain predict- 
able minimum and maximum oper- 
ating frequencies. 

The addition of the uncommitted 
comparator provides additional ver- 
satility. For example, you could use 
the comparator as an overvoltage 
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detector or as a zero-current-cross- 
ing detector. You could also use the 
comparator’s open-collector npn 
transistor to shunt the UC3860’s 
RC pin with a second resistor, caus- 
ing a reduction in the pulse width 
of the one-shot timer. 

Apparently designed as a univer- 
sal resonant-mode controller, the 
UC3860 provides higher levels of 
performance and greater versatility 
than do the chips from Cherry and 
Gennum. The major drawback of 
the UC3860 for many potential us- 
ers may be its cost, which is about 
three times that of the LD405/CS- 
3805 types. 

However, Unitrode may not be 
after the yet-to-be-defined mass 
market. In contrast to the Cherry 
| and Gennum chips, which are avail- 
able only in the commercial tem- 
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UC83860 is also available in indus- 
trial (—25 to +85°C) and military 
(—55 to +125°C) temperature 
ranges. Unitrode is a major supplier 
to the military, and it is here that 
the UC3860 may find its greatest 
application—smaller and lighter 
supplies are continually demanded 
and cost is not a major factor. 
Resonant-mode technology will 
not soon supplant the PWM tech- 
niques used in the vast majority of 
switching power supplies, but there 
is a definite trend toward higher op- 
erating frequencies in these sup- 
plies. Engineers are starting to look 
at the resonant-mode method of. 
control for this application because 
it offers higher operating frequen- 
cies and has other inherent advan- 
tages over PWM techniques. De- 
signers will have a choice of several 


their pursuit of power supplies hav- 
ing higher power densities. 
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Based in England, Hunting Hivolt is a leader 
in high-voltage technology. Yet the company wanted 
to further enhance its international image and gain 
an even greater awareness with engineers and 
engineering managers worldwide. 


What was the answer? 


First, set up a facility in the United States. Then 
support it with an advertising program in EDN 
magazine. Says marketing director Phil Walters, 
. ‘The result has been an utter success. The quality 
of response has helped strengthen our position in 
the United States and 
throughout the many 
countries where EDN 
magazine is circulated.” 


Phil Walters sees EDN 
magazine as a key element 
in his worldwide advertis- 
ing campaign. “With EDN 
magazine and the solid 
foundation of Cahners 
Publishing behind it, we 
will continue to make 
strides in the interna- 
tional marketplace.”’ 


Advertising in EDN magazine works for 
Hunting Hivolt. It can work for you. 


Where Advertising Works 


TOKIN TECHNOLOGY UPDATE 


Eliminate the noise from your design. 


A MUST FOR 
IC BOARD DESIGN 


The problem of constructing IC 


boards free from electro- 
magnetic interference is 

one you can easily 
solve with Tokin 
EMC Filters. 


But if you wait 
until you've started 
designing the board, it’s already 
too late; it’s something you need 
to consider before you begin. 
The Tokin EMC Chip Filters 
above are a good example. By 
including them in the IC design 
from the start, the designer can 
create an IC board that enables 
the end user to enjoy the full, un- 
restricted potential of the board’s 
performance. That’s why more 


and more companies are using _ 
Tokin EMC components in a 
mushrooming range of electronic 
products throughout the world 
every day. 


AN ANSWER FOR YOUR 


EVERY DIGITAL NEED 


the shape of the world we live 
in, in more ways than one. And 


Specifications (EMC Chip Filters) 


to deal with EMI, the normal- 
and common-mode noise that 
attacks data communications 
terminals and digital equipment, 
Tokin has come to the rescue 
with an incomparable lineup of 
EMC data line filters that deliver. 


Specifications (DIP Noise Filters) 


clear, accurate data transmission. 
From easy-to-mount EMC Chip 
Filters for normal- and common- 
mode noise absorption, to DIP 
Noise Filters for high impedance 
over a wide frequency range. 


A HALF-CENTURY OF 
CLEAR COMMUNICATION 


Tokin stands for reliability you 
can count on, and all Tokin EMC 
components are backed by 50 
years of intense work in develop- 
ing and manufacturing communi- 
cations and electronics materials 
and devices. From power line 
filters to noise simulators and 
other measuring equipment and 
facilities, Tokin offers avast — 
selection of products and services 
to provide unprecedented com- 
munication clarity. Call us for 
details. 


Please see us at 


-Wescon/338. 


Electronic Show and Convention 
November 15-17/Anaheim, California 


#1310/1312/1314 


Tokin Corporation 


Hazama Bldg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 


Tokin America Inc. 


155 Nicholson Lane, San Jose, California 95134, U.S.A. Phone: 408-432-8020 Fax: 408-434-0375 
Chicago Branch: 9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. Phone: 312-215-8802 Fax: 312-215-8804 


Miinchen Liaison Office 
ElisabethstraRe 21, 8000 Miinchen 40, Bundesrepublik Deutschland Phone: (089) 271 75 22 Fax: (089) 271 75 67 Telex: 5 24 537 tokind 


You can reach our agents by phone: London 01-837 2701; Paris 1-45 34 75 35; Milan (0331) 678.058; Munich (089) 5164-0; Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668 j 
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Quatidyne Systems, Inc. Quatlyne Systems, inc. 


~ Quality, delivery and worldwide - 
support—the winning combination for 
all your OEM power supply needs. 


Standard models. AC and DC input models. With 
one to five fully regulated, fully adjustable and 
independent outputs. Precision paralleling for 
N +1 redundancy. Margining. Electronic pre- 
loading. Plus auxiliary mag amp outputs that 
deliver up to 50A. 

The Qualidyne Case 10 is a proven win- 

ner, too. With over 50,000 units in service 
today in systems the world over, the Case 10 
has racked up an impressive 150,000 

hour MTBF. And the Case 10 carries UL, 

CSA and TUV safety listings plus com- 
pliance with FCC and VDE Class A 
EMI/RFI standards. 

Quality. Delivery. World-wide 
Support. The smart money is on the 
Qualidyne Case 10. 


There’s just too much at stake for you to gamble 
with your system power supply. So choose 
Qualidyne and cash in on all the benefits of deal- 
ing with one of the world’s largest producers of 
OEM power supplies—the $400 Million 
UNITECH Group. Benefits like international 
technical support; world-wide service and prod- 
uct availability from manufacturing facilities in 
North America, the United Kingdom and 
Western Europe. And Qualidyne offers 
the widest range of high current switch 
mode power supplies available 
anywhere. 

For power requirements from 750 
Watts to 3000 Watts, your best bet is 
the Qualidyne Case 10: Classic 5” x 8” 

profile. Off-the-shelf availability of 


#1 in Tantalum Chips...and 
We’ve Only Touched the Surface! 


Mepco/Centralab SMD® tantalum chips reduce your system’s size and increase its performance in every application — military, 
telecommunications, information systems, medical, automotive — and give you the broadest selection. 


For peak reliability and volumetric efficiency, systems designers take our patented, conformally coated *’Blue Chip®’’ to heart — 
in fact, it’s used in 95% of the world’s implanted pacemakers. And it’s the only military hi-rel chip (CWRO6 to MIL-C-55365) 
approved to reliability levels M, P, R, B, C and D! 


Our ‘’Star Chip®’’, the cost-effective alternative for your high-volume industrial applications, pro- 
vides design flexibility not available with molded chips. Its patented features make it ideal 
for super computer (cryogenic) use, and for 
switching power supplies at 100 kHz and greater. 


Our ‘‘Ultra Chip’’ is the ultimate in real estate ef- 
ficiency, and our uniform-sized ‘Molded Chip’’ 
(approved to MIL-C-55365, Type CWR11) is 
available at very attractive prices. 


Mail to: Mepco/Centralab 
Attn: Corp. Advertising 
2001 W. Blue Heron Blvd. 
P.O. Box 10330 

A leader in leaded parts, too. Riviera Beach, FL 33404 


Our axial-leaded, hermetically sealed cylindrical | Please send me the following: 
and modular wets and solids meet the re- iy Surface Mount Desdce Catalo 
quirements of MIL-C-39006, -39003, andmore. | 5 | sded Resistor/Capacitor Data Book 
With capacitances from 0.0047 to 22,000 pF, for | ec car tative call 
operation on 3 to 630 vdc. And large-capacity | P 
programs to meet your dock-to-stock and J-|-T | 


! Name/Title 

requirements. 
; Firm/Dept./Div. 

Write for our catalogs and get acquainted with Addacaetaas 


America’s broadest line of tantalum chip 
Capacitors — from Mepco/Centralab, the active 
eeettere it Dee lV CTR t ia ne eee 


City/State/Zip 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 


PHILIPS (4 
NE? ®SMD is a service mark of North American Philips Corporation. 


EDN November 10, 1988 CIRCLE NO 165 99 


An affordable portable Is 


Price/Bandwidth 
$4995 100 MHz 2230 DSO* 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option 


$3995 60 MHz 2221 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option 


$2995 60 MHz 2220 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, GPIB or RS-232-C Option 


$2995 100 MHz 2236 Two Channel, Counter/Timer/DMM, Dual Time Base 


$2795 100 MHz 2247A Four Channel, Counter/Timer, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors ™ 


$2395 100 MHz 2246A Four Channel, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors,” Dual Time Base 


$2395 50 MHz 2210 DSO, 20 MS/s Sample Rate, 4K Record Length 
$1495 20 MHz 2201 DSO, 10 MS/s Sample Rate, 2K Record Length, Hard Copy (RS-232-C) Option 


$1795 100 MHz 2245A Four Channel, Auto Setup, Cursors, Dual Time Base 


$1595 100 MHz 2235 Two Channel, Dual Time Base 


$1095 50 MHz 2225 Two Channel, Horizontal Magnification (x5, x10, x50) 
$695 20 MHz 2205 Iwo Channel 


*Digital Storage Oscilloscope 


Check the prices 
/ and performance. You'll find 
ot the best measure of both in 
Tek 2200 Series Oscillo- 
scopes. Twelve scopes with 
bandwidths ranging from 20 
to 100 MHz. Iwo and four 
channels. Analog and digital. 
And prices starting at just 


$695. | 
Select for such features 


as automatic setup, time 
and voltage cursors, 
built-in DMM functions, 
Counter/Timer and dual 
analog/digital capabilities 
at the push of a button. 
These are scopes you'll 
appreciate for their well- 
proven reliability, achieved 
through simplified, practical 
internal design. They come 


iy Z 
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z 
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‘ignt within your range. 


Industrial-quality test 
instrumentation starting 
at $295. 


complete with probes and 
comprehensive Tek warranty 
that includes the CRT. 

Ask those who own, use 
and rely on one-—on the 
bench or in the field. Theres 
just no substitute for genuine 
Tek quality. At any price. And 
at these prices, all the better. 

Order one to go. Ask your 
U Tek representative to set up a 
demo. Or call Tek direct. No 
need to settle for less when 


LISTED 


portable with perform-. 
: ance and price right 
For easy Ordering = within your range. 
or more information, 
all Tek direct: 


1-800-426-2200 


ronix 


COMMITTED TO EXCELLENCE 
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BMEeccescng 


cCoOMmecc 
YOUR M@eacls 


& ROHDE & SCHWARZ - MESSEMPFANGER TEST RECEIVER SkHz—30MHz- ESHS 


4 sharon osnetindeaees 


The program-controlled EMI Test 
System EP-6 is — together with the 
new, powerful interference mea- 
surement software — the ideal way 
to tackle your EMI measurements to 


@ civilian standards like Lk 
CISPR, VDE, FCC lef e 


@ military standards like 
MIL-STD 461/462, 
VG 95 370 — 95 377 


over the wide frequency range from 
20 Hz to 1300 MHz. 


The EMI Test System is equally 
suited for fast overview measure- 
ments and extremely precise ac- 
ceptance measurements. Intelli- 
gent test routines save a consider- 
able amount to time. As a matter of 
course, the EMI Test System has 
features such as 


@ storage of results and data using 
a file system 


@ test report generation with output : a 
on plotter or printer 


@ antenna and test accessory 
correction factors are taken into 
account automatically 


We would be pleased to advise 
you personally about customer- 


specific EMC systems. 
= 
ze 
< 
Contact us 
for more information on our range 
Rohde & Schwarz of EMI test systems. 
Postfach 80 14 69 


D-8000 Muenchen 80 


Federal Republic of Germany 
ier eg ROHDE & SCHWARZ 
Tel. internat. + (49 89) 41 29-0 
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PRODUCT UPDATE 


Erasable programmable logic device 
offers high density and buried registers 


If you’re tired of wasting I/O pins 
on your programmable logic device 
in order to generate registered de- 
lays, consider using the EPM5032 
erasable PLD. This device offers 32 
macrocells with flip-flops that are 
not permanently connected to I/O 
pins. 

The EPM5032 is the first member 
in a series of erasable PLDs based 
on a multiple-array matrix (MAX) 
architecture. The key elements of 
the architecture are its macrocells, 
an expander product array, and an 
internal global bus. 

The device has 8 dedicated input 
pins and 16 programmable I/O pins. 
You can use the programmable pins 
as dedicated inputs or outputs, or 
as bidirectional ports. The output 
of each macrocell is fed back to the 
internal bus independently of the 
I/O structure and need not be con- 
nected to an output pin, thus allow- 
ing you to create buried registers 
without sacrificing I/O pins. 

Each macrocell consists of a pro- 
grammable register and eight prod- 
uct terms. Three of the product 
terms form an AND-OR array, 
which is then XORed with a fourth 
product term to produce the regis- 
ter input. The XOR gate allows you 
to control the polarity of the signal 
to the register. 

The other product terms are 
AND arrays that create the regis- 
ter control signals. You can config- 
ure the register in each macrocell 
as a D-, T-, JK-, or SR-type flip-flop 
or bypass it altogether. You can se- 
lect either a system clock or a prod- 
uct term to clock the register, use 
product terms to preset and clear 
the register’s output asynchro- 
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This erasable PLD offers 32 macrocells with programmable registers and individual output 
enables. Because the macrocells are not permanently connected to the I/O pins, you can 
design register-intensive circuits without sacrificing I/O capability. 


nously, and use a product term as 
the macrocell’s output enable. 

You have a wide variety of sig- 
nals to choose from in forming the 
macrocell’s product terms. Each 
term has access to the internal 
global bus, which offers true and 


complemented forms of the dedi- 
cated inputs, the output of each 
macrocell, the I/O pins, and from 
32 to 64 expander product terms. 
The exact number of expander 
terms available depends on your I/O 
usage. For every I/O pin used as 
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LCD readability 
taken to new ei. 


e Fluorescent backlighting and 
Supertwist technology combine 
to create the brightest and 
most dynamic graphic liquid 
crystal display available today. 

e Long life 20,000-hr. fluorescent 
tube emits a bright, even light. 


e Supertwist LCD produces a 
high contrast display with a 
wide viewing angle. 

e Available in 3 sizes: 400x640, 
200x640 and 128x256. 


e Available in positive or negative 
images with white, yellow or 
blue background. 


e Thin package with CMOS 
drivers. 


e Controller cards available. 


oC 


DENSITRON 
CORPORATION 


2540 West 237th Street 
Torrance, CA 90505 

(213) 530-3530 

FAX: G2/G3: 213-534-8419 
TELEX Il: 910-349-6200 
Europe/UK: (0959) 76600 
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Cut Costs 


0% 


on Electronic 
Chassis and 
Enclosures 


Use Steel Wire 
construction... 

one source does it all 
BR&D 

B prototyping 

in-house tooling 

§ short runs 

B low- or high-vol. production 
B in-house finishing 

i defect-free performance 

Bf just-in-time delivery 


Send for FREE Design Guide 


® 


JITCHENER E.H. Titchener & Co. 
28 Titchener Place 


P.O. Box 1706 
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Binghamton, NY 13902 
Phone 607-772-1161 
FAX 607-771-0264 


UPDATE 


an input, you lose two expander 
product terms. 

The expander product terms are 
an AND-INVERT array selecting 
from the same global bus as the 
macrocell terms. Because the ex- 
pander term outputs are available 
as term inputs, you can use the ex- 
panders for either combinatorial or 
registered logic. By cross-coupling 
terms, you can implement as many 
as 32 asynchronous latches with the 
expander. 

The device is fabricated in 0.8-m 
CMOS EPROM technology. This 
fabrication results in a propagation 
delay time (tpq) of 20 nsec and a 
clock frequency greater than 60 
MHz for the highest speed grade. 
And because the device is erasable, 
it is 100% tested before leaving the 
factory. 

By taking advantage of its devel- 
opment tools, you can use the de- 
vice to its fullest capabilities. These 
tools include a hardware program- 
ming module and schematic cap- 
ture, logic synthesis, and interac- 
tive timing simulator software. All 
the software runs on an IBM PC/ 
AT or PS/2 model 50, and the pro- 
gramming module includes a plug-in 
interface board for your computer. 

The device is available in a 300- 


’ mil windowed ceramic 28-pin DIP. 


A one-time-programmable plastic 
DIP version will be available in 
early 1989. The 20-nsec ceramic 
version costs $31.20; the 25-nsec 
version sells for $26 (100). The price 
of the development software and 
programming hardware is $4995; 
and the software alone costs 
$3400.—Richard A Quinnell 
Altera Corp, 3525 Monroe St, 
Santa Clara, CA 95051. Phone 
(408) 984-2800. 
Circle No 741 
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SONY'S ECL GATE ARRAY 
TAKES ON GaAs SPEED. 


SONY SPECL PERFORMANCE CHARACTERISTICS 


Process technology 1.2 um rule 
Number of metal layers 2 


Number of equivalent gates | 210 (3 gates per one internal 
basic cell) 


Supply voltage “45V=03V 
1/0 interface ECL 100K compatible 
Output driveability 50Q to -2V 


Typical internal gate delay | 150 ps/gate at IEF=400v A, 
L=1mm, fanin= 
fanout=1 


Maximum toggle 2.5 GHz 
frequency of D-FF 


Typical internal 3.6 mW for 2-9 input 
gate power dissipation OR/NOR normal output; 
8.1 mW for DFF with 
normal output 


Typical output buffer 40.5 mW 
power dissipation 


Typical chip power 1.0 W (70 ORI3D’s, 14 
dissipation BUF2Y’s) 


Operating case temperature | 0-85°C 


“ii Ie Meee And if that’s not enough, Sony also offers 
INTRODUCING SPECL” you free access to our 150-cell library. Augmented 


SONY’S HIGH-SPEED, 200-GATE 5 ut customer design support center, where we 


custom design ECL gate-array routines on the 


ECL GATE ARRAY FAMILY. Mentor Graphics* system. Complete with rapid 
eed —typically just eight weeks, 


What matches GaAs gate-array speed, is lots Sony's SPECL™ E3G200 1s backed by the 
easier to design-in, and costs far less? quality, reliability and responsive support you 
Sony SPECL™ (“special”) E3G200. Our all. expect from any Sony product. 
new family of ultra high-speed, 200-gate, ECL So when your designs require ultra high 
gate array. speed, don't specify just any gate array. Specify 


With Sony SPECL™ E3G200, youre ready Sonys SPECL™ E3G200 ECL gate array. For 
to benefit with 150 psec/gate speed. In either 24 GaAs speed. And ECL low-cost and convenience. 


or 32-pin configurations. For complete information, call (714) 229-4190 
Each featuring amazingly low-power dissipa- today. Or write Sony Corporation of America, 
tion (typically less than one watt). ECL 100K Component Products Division, 10833 Valley 


compatibility. And DC logic level supply voltage. View Street, Cypress, California 
All based on the proven one-micron, ECL-3 90630. FAX — ©O NI . 
process that’s made our ECL Logic Family so (714) 229-4271. 


successful. Sony is a registered trademark of Sony Corporation of America. 
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PRODUCT UPDATE 


Chip integrates eight UART channels and 
includes token-passing arbitration logic 


Eight UART channels, each with 
8-character transmit-and-receive 
FIFO buffers, make the 
SYC6208P84 IC ideal for applica- 
tions in multiplexers that require 
multiple serial-interface channels. 
The OCTART (8-channel UART) 
IC supports full-duplex communica- 
tions on each channel at speeds as 
high as 38.4k bps. Furthermore, the 
chip employs channel-arbitration 
and interrupt-prioritization logic 
based on token-passing concepts. 

An on-chip microcontroller han- 
dles the internal operation of the 
OCTART. Each OCTART channel 
includes an 8-character-deep trans- 
mit-data FIFO buffer, an 8-charac- 
ter-deep receive-data FIFO buffer, 
and an 8-deep, 3-bit receive-status 
FIFO buffer. The status FIFO 
buffer stores 3 bits of information 
such as good transfer, parity error, 
or overrun, corresponding to each 
character in the receive FIFO 
buffer. In addition, you can pro- 
gram each channel to automatically 
recognize four user-specified char- 
acters. The OCTART flags recogni- 
tion of one of the characters via the 
status FIFO buffer. 

The 8-character-deep transmit- 
and-receive FIFO buffers offer a 
performance edge when compared 
with UARTs that have 2- to 4- 
character-deep FIFO buffers. For 
example, during receive operations 
you can program the OCTART to 
interrupt only the controlling CPU 
after receiving 5, 6, 7, or 8 charac- 
ters. Therefore, the deeper FIFO 
buffer results in fewer CPU inter- 
rupts and more characters trans- 
ferred per interrupt. The chip also 
includes a time-out feature on each 
channel, ensuring that all channels 
are serviced within a reasonable 
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Eight UART channels with deep FIFO 
buffers make the 84-pin-PLCC OCTART IC 
suitable for use in multiplexers that require 
multiple serial-interface channels. 


amount of time. 
_ An external controlling ~P com- 
municates with the OCTART via 


on-chip RAM-based registers that 
‘are dual ported between the on-chip 


microcontroller and the external 
data bus. The external wP can read 
status information from and write 
control information to the registers. 
In addition, the wP can write to the 
input location, and read from the 
output locations of each channel’s 
FIFO buffers. 

You can program the parameters 
of each channel independently—in 
fact, you can program a single chan- 
nel for different send-and-receive 
baud rates. Other programmable 
parameters include 5- to 8-bit word 
lengths, 1 or 2 stop bits, and odd-, 
even-, no-, or force-parity opera- 
tions. The status registers provide 
information on the incoming DSR 
(Data Set Ready), CTS (Clear To 
Send), and CD (Carrier Detect) mo- 
dem signals for each channel. 

The on-chip channel-arbitration 
and interrupt-prioritization logic 
employs three token-passing loops 
to ensure that all OCTART chan- 
nels are serviced on a rotating ba- 
sis. The token passes to each chan- 


nel, and only while holding the to- 
ken can a channel interrupt the con- 
trolling wP. The three separate to- 
ken paths separately prioritize, 
transmit, receive, and modem- 
change operations. 

In each loop, the eighth channel 
passes the token physically outside 
the IC via an output signal. For sin- 
gle OCTART applications, you 
must tie the token-output signal to 
the IC’s token-input signal, thereby 
passing the token back to the first 
channel. You can also cascade mul- 
tiple OCTART chips by connecting 
the token-output signal of one chip 
to the token-input signal of the next 
chip. The token-output signal of the 
last OCTART in the chain must be 
reconnected to the token-input sig- 
nal of the first OCTART. 

The OCTART IC consumes less 
than 0.5W and is packaged in a 
CMOS 5V-only PLCC. The chip 
costs $61 (1000) and will be avail- 
able in volume by the end of the 
year.—Maury Wright 

Systech Corp, 6465 Nancy Ridge 
Dr, San Diego, CA 92121. Phone 
(619) 4538-8970. TLX 4990407. FAX 
619-453-0238. 
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0.1pV/°C max Offset Voltage Drift 
0.35pV p-p max Voltage Noise (0.1Hz to 10Hz) 
8V/pV min Open-Loop Gain 
0.32pV/V max CMRR 
ipV/V max PSRR 
4nA max Input Bias Current 
1nA max Input Offset Current 
Dual Version Available: AD708 


Vos=5pV¥ 
DRIFT = 30nV°C 


PRODUCT DESCRIPTION 

The AD707 is a low cost, high precision op amp with state-of-the- 
art performance that makes it ideal for a wide range of precision 
applications. The offset voltage spec of less than 15y.V is out- 
standing for a bipolar op amp, as is the 1.0nA maximum input 2 
offset current. The top grade is the first bipolar monolithic op 

amp to offer a maximum offset voltage drift of 0.1pV/°C, and 

offset current drift and input bias current drift are both specified 3. 
at 25pA°C maximum. 

The AD707’s open-loop gain is 8V/.V minimum over the full 

+10V output range when driving a 1k load. Maximum input = * 
voltage noise is 350nV p-p (0.1Hz to 10Hz). CMRR and PSRR 

are 130dB and 120dB minimum respectively. 5, 


The AD707 is available in versions specified over commercial, 
industrial and military temperature ranges. It is offered in 8-pin 
plastic mini-DIP, small outline, hermetic cerdip and hermetic 
TO-99 metal can packages. Chips and Mil Standard/8$83 parts 
are also available. 


APPLICATION HIGHLIGHTS 


possible at a lower cost. 


OP-07, OP-77 and the LT1001. 


If your analog applications demand 
precision performance, then you should 
demand our new AD707 — the world’s best 
dc precision op amp. 
—~ The AD707 is the first bipolar mono- 
lithic to offer a maximum offset voltage drift of only 
0.1uV/°C, and 15V maximum offset voltage. These 
features, combined with its ultralow 0.35y.V p-p voltage 
noise, allow the AD707 to amplify extremely small 
signals without sacrificing system performance. 

The AD707 also provides an open-loop gain of 
13V/.V, the highest of any precision op amp, and 


15p.V max Offset Voltage 
Ultralow Drift Op Amp 


1. The AD707’s 13V/,V typical open-loop gain and 0.1n V/V 
typical common-mode rejection ratio make it ideal for precision 


. The precision of the AD707 makes tighter error budgets 


The low offset voltage drift and low noise of the AD707 
allow the designer to amplify very small signals without 
sacrificing overall system performance. 

The AD707 can be used where chopper amplifiers are required, 
but without the inherent noise and application problems. 
The AD707 is an improved pin-for-pin replacement for the 


-Vs 


unsurpassed 140dB CMRR and PSRR. Soit’s 
ideal for a wide range of precision applications, 
including instrumentation and automatic test 
equipment. 

All this precision makes it easy for you to work 
within tight error budgets. And because the AD707 1s 
available at a low cost, you can easily work within your 
design budget, too. 

For an even more accurate description of what 


the AD707 can do for you, 
call your nearest Analog ANALOG 
Devices sales office. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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PRODUCT UPDATE 


Backplane interconnection system 


designed for high-density applications 


The VHSICon UHD is a complete 
high-density backplane interconnec- 
tion system designed primarily for 
advanced VHSIC-based military/ 
avionic applications. The system in- 
cludes a controlled-impedance, mul- 
tilayer, pc-type backplane (KS1050 
Series) and a UHD connector sys- 
tem, which consists of a backplane 
segment and a daughter board seg- 
ment. The backplane half of the con- 
nector mounts via solderless, com- 
pliant, press-fit contacts. The bare 
pe backplane can be designed to 
contain as many as 80 layers. 

Featuring connectors that meas- 
ure 5.44 in. long x 0.58 in. wide, the 
VHSICon UHD conforms to the di- 
mensions of SEM (Standard Elec- 
trical Module) format E. The con- 
nectors employ a miniaturized ver- 
sion of the tuning-fork and blade 
contact system and provide 396 con- 
tacts on a staggered, 8-row, 
0.100 x 0.050-in. grid. The contact- 
grid pattern provides an efficient 
trace-routing layout on_ the 
backplane—a major concern when 
increased density results in de- 
creased contact-pad spacing. 

The daughter board and 
backplane connectors feature 10 
modular sections; each section con- 
tains 40 tuning-fork or blade con- 
tacts. This modularity not only 
eases field repair and service prob- 
lems, but also enables you to easily 
specify connector arrays that are 
longer or shorter than 396 contacts 
(10 sections). 

Daughter board connectors are 
available in two versions: with flex- 
ible-circuit terminations (M1050) 
or rigid terminations (M1050) at the 
connector/daughter board inter- 
face. In both cases, the termina- 
tions are attached to each side of 
the daughter board using surface- 
mount techniques. The blade con- 
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Featuring 396 contacts in a body only 5.44 in. long, VHSICon UHD connectors are designed 


to accommodate the needs of high-density military/avionics applications. 


tact is also identical in both ver- 
sions—only the terminating end 
that attaches to the module is dif- 
ferent. 

Key specifications of the daugh- 
ter board and backplane connectors 
include a continuous current rating 
of 2A, a voltage rating of 600V, and 
a contact resistance of 30 mQ. The 
connectors operate over —5o5 to 
+ 105°C and feature a contact life 
(with specified plating) of 500 cy- 
cles. The backplane and daughter 
board are constructed of beryllium 
copper and brass, respectively. The 
daughter board’s body is made of 
extruded aluminum 6061-T6, and 
the contact plating consists of 50 to 
70 pw in. of gold over 100 to 250 win. 


of nickel. 

VHSICon UHD connectors ac- 
cept size 16 coaxial and/or size 16 
or 20 fiber-optic contacts. Depend- 
ing on your specifications, the 
manufacturer configures the con- 
nectors with or without these spe- 
cial contacts. The connectors are 
supplied as part of the complete in- 
terconnection system. Excluding 
the backplane, the connectors cost 
$1 to $2 per mated line. 

—Tom Ormond 

Teradyne Connection Systems 
Inc, 44 Simon St, Nashua, NH 
03060. Phone (603) 889-5156. FAX 
603-889-8185. 
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is free. 


The dialogue is priceless. 


And both are as close as 
1-800-552-1115. 


First is a comprehensive new guide 
to all of Keithley’s hardware, soft- 
ware, and systems for data acquisi- 
tion and control. In its 80 pages, 
you ll find the proven performers as 
well as the latest innovations. Like 
the rugged new 500A acquisition 
system and rack-mount mechanical 
package. The new AMM2 analog 
card with higher speed and resolution 
— 50kHz and 16 bits. And expanded 
dynamic range — from a high of 10 
volts to a low of 30 microvolts. A 
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new portable DC system. And new 
software to make it all play. 


Second is a comprehensive new 
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corps of highly specialized and ob- 
jective experts called the “PC TEAM” 
(That's T-forlest, E-for-Equipment, 
A-for-Analysis, and M-for-Measure- 
ment. PC means PC.) 


These pros will help you coordinate 
and integrate the complex selection 
of compatible hardware, peripherals, 
and software. That’s all they do. 
They do it well. 


To get our book or talk with the 
Team, just call 1-800-552-1115. The 
value is excellent. 


Data Acquisition & Control Divi- 
sion, Keithley Instruments, Inc. 
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Shooting for the moon? 


Our rotary switches have been there 
and back. And on almost every NASA 


project since the space program began. 


We make everything from micro- 
miniature rotary selector switches to 
totally enclosed explosion-proof 
power selector switches, for major 
airframe and aerospace contractors all 
over the globe. 


And, if we don’t have what you need, 
we Can design and custom build a 
Switch to your exact specifications. 


Even if they’re out of this world. 


ehERd>eD 
eP  ESOP Corp. 


PO. Box 3038, 3111 Winona Avenue 
Burbank, CA 91504 (818) 846-1800 
TWX 910-498-2701 FAX (818) 842-3396 
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PRODUCT UPDATE 


Drive weighs 8.5 oz and 
offers 1OOM-byte capacity 


The BP-100 Winchester disk drive 
employs a single platter with two 
recording surfaces to store 100M 
bytes of formatted data. Targeting 
laptop and portable computers, the 
3'/-in. drive consumes less than 
1W. The drive’s closed-loop voice- 
coil actuator offers a 29-msec aver- 
age seek time. 

With no metal frame or control- 
ler, the drive stands 0.7 in. high 
and weighs 8.5 oz. Many applica- 
tions of compact drives call for 
mounting the plastic-encased HDA 
(head-and-disk assembly) and con- 
troller separately. The HDA in- 
cludes metal only in the motor as- 
semblies. A metal frame adds 0.5 
oz and makes the BP-100 compat- 
ible with the standard 3%-in. form 
factor. 

The drive consumes less than 1W 
of power when operating continu- 
ously. The company also plans to 
reduce power consumption to ap- 
proximately 0.5W in the near future 
by offering a power-down mode. 
The power-down mode conserves 
power by removing power from the 
drive during periods of inactivity. 

You can choose from SCSI (Small 
Computer Systems Interface) or 


IBM PC/AT controllers for the 
drive. Both controllers employ RLL 
data encoding and a 7.5M-bps read- 
channel data rate. The drive spins 
the platter at 1600 rpm. A sector 
servo and the voice-coil actuator re- 
sult in the 29-msec average seek 
time. Worst-case seeks require 45 
msec, and the drive specs 5 msec 
for track-to-track seeks. 

The drive achieves the 100M-byte 
capacity with a track density of 
1720 tpi and a recording density of 
57,000 bpi. The thin-film heads fly 
over glass-substrate sputtered me- 
dia at less than 5 win. 

You can operate the hermetically 
sealed drive in 0 to 95% humidity. 
The drive can withstand a 100g 
shock without sustaining damage 
and can operate during lg vibra- 
tion. The operating temperature 
ranges from 0 to 45°C. 

With controller included, the BP- 
100 costs $595 (1000). The drive will 
be available in volume at the begin- 
ning of the year.—Maury Wright 

Areal Technology Inc, 3050 Scott 
Blvd, Santa Clara, CA 95054. 
Phone (408) 970-8536. FAX 408- 
970-0884. 
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Consuming 1W during con- 
tinuous operation, the 8.5-0z 
100M-byte BP-100 disk drive is 
suitable for use in laptop and 
portable computers. 
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Power 
Supplies 
_ We are proud of our 
highly trained and experienced 
engineering staff. Our full range 


of 40- to 500-watt power supplies has been 
designed to meet even the strictest standards. 


OEM Services 


Our international base of customers relies 
on us for manufacturing services which 
include our standard products and OEM 


hen you need volume 


and demand quality, : 
Elec & Eltek is the Source. 


We effectively use all of 


our technological, 
manufacturing and 
human resources to 
provide the best business 
solution for you. With 
more than 400,000 


square feet of 
manufacturing in 


ecranmres cary — designs for telecommunications devices, 
Elec & Eltek can supply mixed technology boards, computer 


Nokia jroducton for peripherals and electronic subsystems. 


basic PC board to turnkey © 
electronic assembly. 


Printed Circuit Boards 


See us for competitive prices. Our 
Printed Circuit Board division current 
processes 600,000 square feet of boards 
per month. With this volume we can easily 
pass savings on to you. 


You can rely on our 16 years of quality 
service and advanced automation for 
your next off-shore manufactur- 


a partnership for your 
total manufacturing 
solutions. 


OR CARE OF: 


U.S.A. MARKETING 
OFFICE 


FOR FURTHER INQUIRIES, 
HEADQUARTERS PLEASE WRITE TO: 
18/F., Luk Hop Ind. Bldg., 


ing project. Join us to build 


8 Luk Hop Street, 


San Po Kong 

Hong Kong 

TEL: 3-7269211, 3-7269333 
FAX: (852) 3-3524625 


1230 Oakmead Parkway 
Suite 310 

Sunnyvale, California 94086 
TEL: (408) 732-1181 

FAX: (408) 732-8010 


ee Be 


@w— Hec& Eltek 
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“Customers tell us... 
Samtec really 

is a different 
reed of cat!” 


Sam Shine, Proprietor 


Fae 


i 


These Samtec folks make 
sure you get SUDDEN SERVICE 


Samtec people believe that our customers 
deserve the finest products and services. 
Whatever you need—catalogs, samples, a 
cross-reference guides, quotations, shipment — 
dates—you’ll get SUDDEN SERVICE that 
other vendors can’t (or won't) match. Give 
us a try. You won't be disappointed. 


\ 


Brian Thurston * 
Engineering 


Bobbi Smith 
Sales 


114 


Samtec’s SUDDEN SERVICE gets the highest customer approval 
for product quality, on-time delivery. 


Everybody claims superior products and service. 
We'll simply summarize and document* some 
of the reports we continually receive from 
Samtec customers who demand the best from 
their suppliers. Large companies, medium-size 
companies, small firms—they have all come to 
rely upon Samtec SUDDEN SERVICE. They have 
given us the highest possible quality rating for 
zero defect parts, on-time delivery and prompt, 
reliable service. 

Large orders or small, they all receive the 
same “as promised’ service that makes Samtec 
“a different breed of cat”. Try us. You'll be 
pleasantly surprised. 


Contact Samtec for all of your board-to-board 
and on-board interconnect needs. You'll find 
the industry’s largest selection of instant 
break-away socket and terminal strips as well 
as low profile and hi-temp DIP sockets and 
surface mount products. 


©Samtec, Inc. 1988 


d Carol Jenkins 
}) Production 


’ Lina Faulkenburg 
Packaging 


CUSTOMER EVALUATION SCORECARD * 


Quality 

Rating for 
Customer Product Samtec 
Company “A” Computers 100% 
Company “B” Industrial Controls 100% 
Company “C” Test Instrumentation 100% 
Company “D” Cellular Radios (Telecom) 100% 
Company “E” Medical Instrumentation 100% 
Company “F” Computers Zero Defects 
Company “G” Telecommunications 100% 
Company “H” Industrial Motors 100% 
Company “I” Telecommunications 100% 
Company “J” Medical Instrumentation 100% 
Company “K” Heart Pacemakers Excellent 


* Your Samtec salesman or distributor can show you 


documentation and names. They are highly respected, 
quality-oriented OEM's of all sizes that you'll recognize 
immediately. 


EUROPEAN 
HEADQUARTERS: 


SAMTEC, Ltd. 35 Deerdykes View, 
Westfield, Cumbernauld, Scotland G68 9HN 
Phone: 02367 39292 FAX: 2367 27113 TLX: 776158 


SUDDEN SERVICE 


WORLDWIDE SAMTEC, Inc. P.O. Box 1147, 810 Progress Bivd., 
HEADQUARTERS: New Albany, IN 47150 USA Phone: (812) 944-6733 
TWX: 810-540-4095 TLX: 333-918 FAX: 812-948-5047 


WRITE TODAY for 

our new 100-page full 
line catalog. It has been 
revised and enlarged 

to include many new 
products. And it contains 
complete specification = | 
data for fast, easy 
ordering. 

Get yours today. 
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John Hynes 
Sales 


CARAVEL® - ful 550 
CFM in a 10” diameter body 
designed for cabinet enclosures 


SPRITES - Featuring low 
and 20 to 34 CFM ina 
1.65" deep frame. _ 


blower only 4.75" sq. x 1.56" deep. 


MUFFIN® XL DC - First U.S. 
made DC fan. Based on our bench- 
mark Muffin® with our patented 
Feathered Edge™ blade. 


_ Morevery fan we build, there is a reason. 
At COMAIR ROTRON, the reason has always 
been you, the customer. Your design needs have 
r products. 


PATRIOT® DC - A year 
after introducing Fan 
Performance Sensing 
(FPS) to our AC models, 
we introduced the DC 
version of the 6.75" 

fan which included a 
patented rotor design 

to prevent cogging. 


ay ‘one, we set out to engineer the quietest, 
nost reliable and most advanced airmovers 
available. One hundred million fans and forty 
patents later...our priorities are still the same. 


When first introduced, every fan here was an 
innovation. Most are still unsurpassed and there 
are 700 other available models nor depicted here. 
We know one of them is right for you. 


SPRINT® DC — The 
quiet, reliable brushless 
DC model of this 3.15" 
sq. x 1.25" deep fan. 


The hotter the pace becomes in the electronics 
industry, the more products get pushed into 
development — and the more designers are faced 
with ever reduced space and increased complexities. 
Excessive heat is the consequence. 
It could spell disaster for your sensitive compo- , 
nents. It could disable your system. Pe 
So it’s important that the optimal cooling 
protection you need is readily available. 
At COMAIR ROTRON, it is. 


Give us a call. Our Application Engineer- 
ing people, at (914) 246-3615, are ready 
to assist you with technical information. 
Or you can call 800°367-2662 for literature. 
Better yet, send for our 1988/89 Catalog with “ 
96 pages of airmovers and accessories. 


SPINNAKER™ DC - 
Weighing only 2.1 Ibs., 
this remarkable brushless 
DC integral blower is 
6.34" sq. x 1.6" deep. 


a 
Wipe. as 
Sige eae 
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MUFFIN® DC & SPRINT® DC — 
With Therma-Pro-V Technology, 
a breakthrough that introduced 
fans with Voltage Regulation, 
Programmability and Thermal 
Speed Control. 


MAJOR® & PATRIOT® HI-REL — 
Tubeaxial AC fan models 10% 
more efficient with 10°C cooler 
bearing temperatures providing as 
much as five years longer life for 
continuous operations at 40°C. 
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12 North Street, Sawyer Industrial Park, Saugerties, NY 12477-1096 Tel: (914) 246-3615 TWX 910-333-7572 TLX: 551496 


AE you design PCs = workstations, you know 
how users like the crisp, clean feel of a tactile 
keyboard. But you also know hard it is to jus- 
tify the added cost. 

Now there is a way to specify a tactile key- 
board — and save money, too. Just choose the 
new FKB4700 keyboard from Fujitsu. 


Unique switch makes the difference 
Only Fujitsu’s FKB4700 keyboards incorporate 
a unique coil spring, rubber dome switch 

design. This design combines the simplicity of 
a membrane keyboard with a full 20-gram tac- 


FUJITSU MIKROELEKTRONIK GmbbH: Lyoner StraBe 44-48 Arabella Center 9. 0G./A, D-6000 F 
FUJITSU COMPONENT OF AMERICA, INC.: 3330 Scott Blvd., Santa Clara, California 95054-319 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 805, Tsim Sha Tsui Centre, West 


tile response. And it's reliable: over 10 million. 
keystrokes - = per Key. 


Compatible with industry staiubaeds | 


FKB4700 keyboards are available in standard 
101- and 102-key layouts. Custom layouts, too. 
And all are UL478, CSA220 and FCC approved. 
So, make your customers happy — and Ades 
accounting department, too. 

Ask your Fujitsu representative for complies 
information and specifications on the FKB4700, 
the tactile keyboard that only feels expensive. 


urt Niederrad 71,F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 


ISA Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 
66M 


Vody Road, Kowloon, Hong Kong - Phone: 3-7320100 Telex: 31959 FUJIS HX Fax: 3- 7297984 


_ FUJITSU LIMITED (Electronic Components International Sales Support Div.): Furuka ae Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 


International (int'l Prefix) 81-3-216-3211 Telex: 2224361 Fax: (03) 216-9771 
EDN November 10, 1988 
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All the speed you need for clearer signals, more 
resolution. Picture this: one source for all the high- 
speed op amps you'll ever need. Look. . .it’s Harris. 

We offer a broad performance range of monolithic 
ICs — all developed with our high frequency Dielectric 
Isolation process. And all optimized for the bandwidths, 
slew rates, and low noise that accurate signal repro- 
duction demands. 

Harris’ new HA-2544 combines high slew rate, wide 
bandwidth and low supply current to produce exceptional 
color video signals. It’s a superior performer in almost any 
imaging or display application. 

Fast Harris one-chip op amps are the versatile and 
reliable alternative to discrete designs and expensive 
hybrids. Use them as building blocks for radar, guidance 
systems, CATV and video CCTV and signal conditioning 
in other applications — data acquisition, communi- 
cations, medical electronics. 

Our op amps come in a variety of popular packages, 


©1988, Harris Corporation 
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Ask For Our Wall Chart 
Of Analog/Digital Solutions. 


including PLCCs, and 
temperature ranges from 
commercial to military. All 
devices are available screened 
to MIL-STD-883. 
High-speed Harris Op Amps 


PARTNO. S.R* G.B.P™ = |:PART NO. <SiRE G.B.P** 


HA-2539 600 V/ys 600MHz| HA-2542 350VWys 120 MHz 


HA-2540 400 V/ys 400MHz| HA-2544 150V/us 33MHz 


HA-2541 300VWys 40MHz| HA-5190 200V/ys 150 MHz 


*Slew Rate **Gain Bandwidth Product 

Harris op amps: when speed is what you need. 
For more information, contact Harris Systems Ltd., 
Semiconductor Sector, Eskdale Road, Winnersh, 
Wokingham, Berks, RG11 5TR, England. 


Phone 0734-698787. 


RIS 


SEMICONDUCTOR SECTOR 
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DESIGNING POWER SUPPLIES 

FROM YOUR POINT OF VIEW 

HAS GIVEN 
COMPUTER PRODUCTS 
ONE OF OUR OWN... 


— AVIEW _ 
FROM THE T p 


a _ AtComputer Products, we are committed to 3 PAI DEG: Ses = 
understanding the needs of our customers. No other THE GLOBAL RESOURCE YOU NEED. | 


power supply company Is So sensitive to the issues 


that are central to you. And no other power supply = Over 1900 people thr oughout North America, — 
~ company is so responsive to those issues. Computer Europe and Asia. $100 million in power supply sales. — 
Products. Your partner in power. And 187 distributor locations worldwide—the strongest 
i distributor network of power supply products in | 
the world. 


It means one-stop shopping It means reliable, 
scheduled delivery anywhere, anytime. And it means . 
a resource you Can depend on from Minneapolis 
to Munich. 


THE STANDARD AND CUSTOM 
PRODUCTS YOU WANT. | 


A major benefit of Computer Products is that \ we 
are the source for the industry's widest selection = 
power supply products. 

Open frame linears, open trame switchers, encap- 
sulated power modules, cased switchers, high-power 
switchers, and DC/DC converters. Includingawide 
selection of Mil-Spec switching power supplies and 
DC/DC converters. 2400 standard models to choose 
from—plus modified standard or custom versions 
which are derived from our proven.designs. 


eeeeee 


COMPUTER! 
a8 PRODUCTS | 


“Fee TEs oo 
iE 3 iat S 
seer ats SORE 
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= prod ucts that 
pare preci sion- 
“engi ineered = | 
using the most — 

‘advancedand =§——s 
reliable tech = es = 

available. = 
FON) high freq uency a 
and high- power densities to the 

_ industry's most advanced hybrid/ ~ 
‘surface-mount t schnology, we are devel 
- oping the advanced power supply 
_ designs that you require for the prod ucts 

of tomorrow. = 


~ QUALITY AND RELIABILI T TY 
~ YOU CAN TRUST. 


jes ae of ourtotal company ‘commitment to a 

a world class manufacturer. We believe 

quality of our. products and d processes. 
From Statistical Process Control 


If reply card is missing lense ares reader serv e se a 2 EM 
call (305) 974-9900. Ext. 7514. : | 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 


BUSINESS REPLY MAIL aS 
FIRST CLASS PERMIT NO. 251 POMPANO BEACH, FLORIDA es 
POSTAGE WILL BE PAID BY ADDRESSEE eee ey | 
7 
| 
il ETT 
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POWER CONMVERSIO|I ee ed 
2900 GATEWAY DRIVE 


POMPANO BEACH, FL 33069-9944 


Power your system from 


= Check out the NFS40 se 


without changing jumper w 
Series universal input sw 
outputs for 40 watt, 50 w. 


HIGH EFFICIENCY 100 WAIT DC/ DC CONVERTER 


QUICK ACTION REPLY CARD 
PLEASE SEND: 
1. NFS 40/50/110 Series = 4. Mil-Spec Catalog 


2. H, EA, AF Series 5. Engineering Handbook 
3. WS Series 6. Have a Sales Person Call 
Name Title 

Company Dept/MS 

Street 

City State Zip 
Telephone ( ) 


versions available. 


EDN 


The H, EA and AF ae are ee and ae | eae 
~ DC/DC converters having the same industry standard — 
pene to provide flexibility —— 


OP Amps, A/D and D/A converters, logic and micro- 
processors. Packaged in 1.0" x 2. 0" x0.38" non: see 
conductive cases, these 1 to 4.5.watt converters ar 

available for a variety of input and output voltages. All - 
units feature isolation of SOQV, setting accuracies to. 
+2% max. and a gains output to aaa! max.. : 


The WS Series is your ieee atgire suFign ie comes sto 
selecting high power density DC/DC converters. © 
Packaged in a low profile 3.5" Wx 5.5". x0.91" H 
case, these 100 watt units feature 18-36 and 36-72 — 
VDC input ranges, single, dual and triple outputs, 500 
VDC isolation and efficiencies up to 84%. |dealfor => 
telecom and computer applications, and now a new dual 
+5 and +12 VDC output version with peak current 
capability for power disk drives. Chassis mounting) with 
screw terminations or PCB mount with se sink — 


for your CeSIen. : Ideally. — 


FREE... Send fer your vie copy. Ha our eet = 
Supply Engineering Handbook and separate 
catalog covering Mil- -Spec Power Supplies. All the 
eILTESEE Se need to make a psa ee ee 
decision: — 


Now You Can Make 
Important Component Selection Decisions 
Faster and Easier 


than You Ever Imagined! 


Learn more about how CAPS can take the 
drudgery out of your component selection 


Imagine having up-to-date information on 
more than 400,000 devices from over 250 


INTRODUCING CAHNERS 


CAPS, AN ALL-NEW, 
PRODUCTIVITY-BOOSTING 
ENGINEERING TOOL THAT 
AUTOMATES, ACCELERATES, 
AND OPTIMIZES THE 
SELECTION OF INTEGRATED 
CIRCUITS AND 
SEMICONDUCTORS. 
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manufacturers worldwide at your fingertips. 


Think about instantly accessing crisp, clear, 
unabridged images of manufacturers’ 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 


Consider applying the power of menu- 
driven parametric searches that can identify 
ICs which conform to your specifications, 


This is CAPS. It's new. It's different. And it 
gives you the information you need to make 
critical component selection decisions. 


Available on a subscription basis so it’s always 

up to date, CAPS comes complete with all 

the hardware and software you need to 

install CAPS on your personal computer. 
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process. Call or write: 
CoA HON CEES 


Computer Aided 
Product Selection 


Cahners Technical Information Service 
275 Washington Street 

Newton, Massachusetts 02158-1630 
Telephone: 617-964-3030 

Telex: 940573 

Facsimile: 617-964-5490 

Toll Free: 1-800-245-6696 


READERS*® CHOICE 


Of all the new products covered in EDN’s July 21, 1988, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in 
our July 21, 1988, issue, or use EDN’s Express Request service. 


A PROGRAMMABLE GATE ARRAYS 


The ACT1 Series features two one-time-programmable 
gate arrays. The ACT1010 has 1200 gates that are 
equivalent to the gates in standard gate arrays, and 
the ACT1020 features 2000 of those gates. To use the 
ACT1 chips, you need the manufacturer’s Action Logic 
System. (pg 58) 

Actel Corp. 
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CAD PACKAGE 


The Resicale CAD pro- 
gram for IBM PCs and 
compatible systems al- 
lows you to design 
semicustom resistor net- 
works and provides dial- 
up access to quotations, 
delivery information, and 
order-placement facili- 
ties. (pg 163) 

Ericsson 

Circle No 605 

Ericsson Components 
Circle No 606 
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PRESSURE TRANSDUCER 


Model XT silicon-based 
pressure transducer is 
fully compensated over 
10 to 85°C and is cali- 
brated to an accuracy of 
+ 0.25%. (pg 142) 

Data Instruments Inc. 
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‘4 VIDEO PRINTER 


The VP-3500 video printer provides 1280 x 1250 pixels 
of resolution at 300 dots/in. with a 64-tone gray scale 
on 8'4-in.-wide thermal-print paper. (pg 230) 

Seikosha America Inc. 
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< SCSI CONTROLLER CARD 


The SM911 SCSI control- 
ler card for IBM PC and 
PC/AT buses controls as 
many as seven serially 
chained floppy-disk 
drives or hard drives pro- 
viding as much as 2.8G 
bytes of storage. It meas- 
ures 4x 4’% in. (pg 270) 
Tega Technologies Inc. 
Circle No 604 
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 @ PLESSEY 


Were eliminating 
the competition 
with something — 

everyone else seems — 

to have forgotten 
you need... 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you've been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 
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ce that gives you the edge. 


frequency synthesis, data conversion, 
telecommunications, data communica- 
tions and consumer products. 

Complementing the standard IC 
family, Plessey manufactures a com- 
plete line of discrete components in- 
cluding FETs, transistors and diodes 
available in SOT-23 and TO-92 
packages. 


Plessey - Over Two Decades 
Of Quality Commitment 


For more than 20 years, Plessey 
Semiconductors has been commited to 
supplying the latest technology, highest 
quality, and highest performance 
semiconductor products in the in- 
dustry. With our unique combination 
of CAD support, major advances in pro- 
cess technology, and the most advanc- 
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ed research facility in the world, 
Plessey Semiconductors is, today, a 
totally commited leader in the industry. 


To learn more 
on how Plessey can _ 
help you achieve 
the maximum per- 
formance that 
gives you the 
edge, send for 
our new comp- 
rehensive, full 
color, 72-page 
short form 
brochure, 
or call Plessey 
Semiconductors today. 


In North America call 1-800-441-5665. 
Outside North America call 44-793-726666. 


CIRCLE NO 179° 


For further information you can write 
to us at one of the following addresses: 


Plessey Semiconductors 
1500 Green Hills Road 
Scotts Valley, CA 95066 
U.S.A. 


Plessey Semiconductors Ltd. 
Cheney Manor, Swindon 
Wiltshire SN2 2QW 

United Kingdom 


© PLESSEY 


[lente 


“At LTX we evaluated a lot 


“As the leading manufacturer of automatic test 
equipment for linear integrated circuits, we had 
unique power supply requirements for Hi.T, our 
new linear test system. Given its advanced 
resource per pin architecture, we needed new 
solutions. So we went to the experts. And Vicor 
delivered. 


They delivered a DC power module which lets 
us achieve low system noise, thus allowing our 
test equipment to measure signals down to 
microvolts. | 


The high power density of Vicor’s modules 
provides us more space for instrumentation. Our 
systems are smaller, and we can more easily 
distribute power supplies throughout the 
system. 


before we chose Vicor.’’ 


They delivered a power system that’s modular, 
flexible and reliable. We can add new features to 
our testers without having to redesign the power 
distribution system. And high reliability is 
especially important to us since we offer a limited 
lifetime warranty on our test systems. 


At LTX, our test systems are designed to be 
flexible. To stay competitive, we're prepared to 
test semiconductors that are not yet designed. 
The flexibility of Vicor’s power supply is an 
important ingredient in LTX’s role in meeting 
tomorrow's test challenges.” 


— Phil Perkins, Staff Scientist, 
Co-Founder, LTX Corporation 


of power supply solutions 


Distributed Power 


Advanced system manufacturers are taking 
advantage of the inherent benefits associated 
with distributed power systems. Through the use 
of component level power converter modules, 
designers are able to effectively decentralize 
the traditional power system by 
providing onboard power 
conversion at the 
sub-assembly 
level. 


The Benefits: 


m Maximum cost effectiveness 

= Minimum time to market 

@ Minimum inventory 

m Reduced size 

m Efficient power busing 

@ Modularity 

m@ Flexibility in system configuration 
@ Enhanced reliability 


Rear panel of the Hi.T system 


The Component 


The building block for distributed power is 
the Vicor VI-200 series of “zero-current- 
switching”, component 
level, DC/DC a 
converters. 


To discuss 

your power system 
requirements, call Vicor today 

at (508) 470-2900, 23 Frontage Road, — 


SIEMENS 


Top performance — in a void 


Siemens vacuum relays for high frequencies and extra high loads 


The contacts of our metal-ceramic 
relays work effortlessly in a vacuum — 
in nothing. Dielectric strength is ten 
times greater than in the atmosphere, 
because sparking and corrosion are 
zero in this nothing. Vacuum relays 
have high currents firmly in their grip, 
whether switching under very high 
load or transmitting in an RF system. 


Small dimensions but big perform- 

ance: the benefits you get with the 

VR100, VR300 and VR400 type 

families from Siemens. Not forgetting 

superior features like | 

@ voltage range up to 15 kV 
(vacuum relays for 30 kV are 
upcoming) 

@ VR100 series with latching actuator 
(due soon for VR300/VR400) 

@ 12-V coil for VR3O0 and VR400 

@ special connections for VR400 


Think there may be one for you? 
Just write Siemens AG, 

Infoservice -B-Z076, Postfach 23 48, 
D-8510 Furth, West Germany 
quoting “Vacuum relays”. 


Toplech Components: 
siemens 
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SETTING 
ORLDWIDE STANDARDS 
IN MODEM 
TECHNOLOGY 
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ROCKWELL HIGH-SPEED 
MODEMS AVAILABLE THROUGH 
58 LOCATIONS 


lf you need to communicate with the 
world, communicate with Hamilton/Avnet 
first. We have Rockwell's low-priced, 
high-quality V.32/V.33 high-speed 
modem products in stock, ready to ship. 

Rockwell's R9696DP, a synchronous/ 
asynchronous, 2-wire, full-duplex module 
that operates at 9600, 7200, 4800, 2400, 
1200, 600 or 300 bps, Communicates with 
the V.22 bis, V.22, V.21 and bell 212A/103 
modems. 

The R1496DP, Rockwell's multimode 
V.33/14.4 with V.32 capability, is com- 
patible with CCIT V.33, V.32, V.29 and 
V.22, The R1496DP, which operates at 
speeds of 14400, 12000, 9600, 7200, 4800 
or 2400 bps, reduces the amount of time 
needed to send data, which significantly 
lowers transmission costs. 

Hamilton/Avnet and Rockwell stand 
behind these world-class products with a 
five-year warranty. For the nearest 
Hamilton/Avnet location, call toll free: 1- 
800-442-6458 ( 1-800-387-6879 in Canada; 
1-800-387-6849 in Ontario and Quebec), 


AN AVNET COMPANY 
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Our ASICs 


are boring; 


Theyre easy to design. Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


Youll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.9 coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren’t enough, we can even generate 


Supercells to your specs. 

And we're also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 


Gate arrays, too. 


If gate arrays are better for your design, 
you ll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2 and sub 1 ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn’t it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
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LEADTIME INDEX 


ITEM 
TRANSFORMERS 


Toroidal 0 
Pot-Core Oo. 
Laminate (power) 6. 


CONNECTORS 
Military panel 
Flat/Cable 
Multi-pin circular 
PC (2-piece) 
RF/Coaxial 
Socket 
Terminal blocks 
Edge card 
D-Subminiature 
_ Rack & panel 
Power 


PRINTED CIRCUIT BOARDS 


Single sided 8 


Double sided 


a 
Multi-layer _ 0 
4 


Prototype 
RESISTORS 
Carbon film 
Carbon composition 
Metal film 
Metal oxide 
Wirewound 
Potentiometers 
Networks 
FUSES 
SWITCHES 
Pushbutton 
Rotary 

Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual-in-line 
WIRE AND CABLE 
Coaxial 

Flat ribbon 


Multiconductor 29 


Hookup 

Wirewrap 

Power cords 
POWER SUPPLIES 
Switcher 

Linear 


CIRCUIT BREAKERS 
HEAT SINKS 
BATTERIES 


Lithium coin cells 3 
9V alkaline 20 
Real-time clock back-up 14 | 


RELAYS 


General purpose 
PC board 
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TEA =] 6 6.6 G6 eo. v 
Dry reed O 50 23 25 0 0 73 «8.5 
Mercury 0 57 +44 429 0 7.3 10.8 
Solid state © 45 (6 27 © 9.5 10.1 
DISCRETE SEMICONDUCTORS 
Diode 24 24 78 16 GB Of; F484 55 
Zener (Ee ee Fe 8: 
Thyristor 8 31 46 15 @ O|jf G&S 66 
Small signal transistor 16 34 84 #18 GO 72 «5.7 
MOSFET 0 54 3 15 = =G of 64 7.6 
Power, bipolar 18 36 27 +19 ~+«*O Of 61 68 
INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 6 37 @8 138 G6 0 7.6 8.1 
CMOS 10 32, 28 .19 16  O} 87 6.3 
THE 18 40 #18 «#18 =G #Of &e 4.7 
LS 168 40 24 #18 G@ Oj} GS 4.9 
INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 0 45. 28. 27 0 0 77 «68.2 
OP amplifier 0 48 48 #14 +6 OO} 63 8.9 
Voltage regulator 18 #43 #=$23. 19 0 0 6.2 6.8 
MEMORY CIRCUITS 
DRAM 16K 0 48 0 29 4 141) 136 12.9 
DRAM 64K 0 30 20 30 46 #101 128 #13:.8 
DRAM 256K 0 30 30 20 6 +10} 26 19.1 
DRAM 1M-bit 0 22 12 #33 @ += Of 181 19.2 
SRAM 4K x 4 0 29 14 #48 {4 + «#01 122 15.3 
SRAM 8K x 8 0 17 ~~ 0 42 +#& 33 | 182 17.8 
SRAM 2K x 8 0 2 + 0 #37 +25 13 | 166 15.1 
ROM/PROM 9 18 (68 55 @ Of 105 13.7 
EPROM 64K 6 31 #978 #38 = 6 O| 38 9.8 
EPROM 256K O 21 2 #49 =F #O}| i142 13.2 
EPROM 1N-bit 17 17 97 49 += @ += =O 9.4 12.8 
EEPROM 16K 0 33 {7 50 GO Of} 1086 12.0 
EEPROM 64K 0 25 3 38 gg + 0 9.5 12.5 
DISPLAYS : 
Panel meters 1 20 40 30 +g 0 8.4 10.8 
Fluorescent 0 23 38 44 += 9 + #0] 101 11.0 
Incandescent CFS Ee 2... oe 
LED 7 36 48 ~=#14 ~=«=0 #0] 66 6.3 
Liquid crystal O 17 83 50 6 O11 [88 9.6 
MICROPROCESSOR ICs ; 
8-bit 8 2 28 42 G+ O| S2 7.7 
16-bit 0 49 18 #38 8 #O| 84 7.8 
32-bit 60 33 47 #50 #9 + +Of 166 11.4 
FUNCTION PACKAGES 
Amplifier 71 #23 4 22 G 0 7.6 9.5 
Converter, analog to digital 10 10 50 #30 0 0 8.9 9.1 
Converter, digitalto analog 14 14 438 29 O O| 83 9.5 
LINE FILTERS 144448 14« 29:2CididGsi“‘ik | SCS C3 
CAPACITORS 
Ceramic monolithic = yee: oe 0 0) SO 5.9 
Ceramic disc 26 16 G2 26 © Of 7a 6.9 
Film 18 35 «72 #35 G O| F434 69 
Aluminum electrolytic 114644 G6 32 = @ o| Fi 8.0 
Tantalum 172 35 168 35 @ +io 7.9 8.6 
INDUCTORS 0 46 16 38 0 Of 65 8.1 


Source: Electronics Purchasing Magazine’s survey of buyers. 
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Generations from now, when today’s state-of-the-art 
fighting systems have taken their place in armament 
history books, today’s Abbott power supplies will still 

be operating reliably. 

Outfitted for Enhanced Reliability, for example, our 
new 60 Watt triple-output switching DC-DC converter 
achieves an MTBF rating up to 600,000 hours; more than 
68 years. A single-output model is rated even longer.* 

Yet this compact package is fully self contained. It meets 
the tough EMI limits of MIL-STD-461B. And the punishing 
environmental specs of MIL-STD-810C and MIL-S-901C. 

While the BC60 is brand new, this is no “developmental” 
power supply. Its topology is identical to our field proven 
BC100 and BC200 models. Its design integrity is verified 
through rigorous ESS testing. 

We're delivering power supplies for projects critical to 
America's defense, including MILSTAR, the EH101 heli- 
copter, the TOW missile, INEWS and the F/A-18 Hornet. 

For a copy of our 1988 Military Power Supply Product 
Guide, write us at 2721 S. La Cienega Boulevard, Los 
Angeles, CA 90034. (800) 556-1234 XT9; CA (800) 


444 -2345 4 9 *MTBF FIGURES CALCULATED PER MIL-HDBK-217E GROUND. 


GENERAL DYNAMICS LAND SYSTEMS _ 


Our power supply 
is built to 
outlast the tank. 


Versatile new 60 Watt switcher 
measures 5 x 4 x 1.5 inches. Provides 
outputs of 5, 12, 15, 24 or 28 Vdc, from 
inputs of 18 to 36 V dc. Operating tem- 
bperature from —55°C to +100°C. 
Overvoltage protection & short circuit 
protection standard. 


WHEN RELIABILITY IS IMPERATIVE.™ 
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ONTROL 
PANELS 
WITHA 
UNIQUELY 
TOUCHING 

DISPLAY 


Rich colors in an ultra-thin package. 
Varilite displays provide a palette of 
colors. Yellow, green, red, orange, blue 
and even white. The fully integrated 
panel may also include a graphic 
overlay, color reflector and membrane 
switch. All this ina panel that’s 

only about .040” thin. 


See us at WESCON 
Booth No. 5222/5224 


Circle first number for more information. 185 
Circle second number to speak with a sales engineer 496 


It’s possible. Now you can position a display window right on 
top of amembrane switch pad. With Taliq’s Varilite” Color Displays, 
just press the switch and the display “lights” up with rich color for 
instant visual verification. The secret behind our unique display is in 
the thinness of our liquid crystal (LC) film. m Bright without lights. 
Varilite panels require no additional light sources when used 
under normal room lighting. That’s because Ialiq’s proprietary, 
large-area LC film is an extremely efficient light modulator. Normal 
ambient light is all that’s necessary for display brightness like that 
in the above photograph. mThinking thin? Great. Call us. Tell us 
your potential application. We'll give you colorful answers to 
conventional LEDs and LCDs. And, everything you need to design 
Taliq’s Varilite technology into your next display or membrane 
switch panel assembly. 


Taliq Corporation 


1277 Reamwood Avenue, Sunnyvale, CA 94089-2234 
Toll Free (800) 722-6464 In California (408) 745-0750 


Varilite is a trademark of Jaliq Corporation 


mm, Available Now 
\ 256K 25ns /64K 15ns 
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Micron just broke 
the SRAM speed barrier 
with our family of leading 
edge, super high speed CMOS 
SRAMs. 

We've applied the same state-of- 


RR aS an S 
/_MT5C2561 256K X 1 25ns 


MT5C2564 | 64KX4 25ns 

the-art design and process technology used MT5C2565 | 4 Or 
for our high quality DRAMs in development of our | ee TOE he 
fast static RAMs — with some amazing results. | MT5C2568 32K X 8 25ns 
At an incredible 25ns for 256K and 15ns for 64K, 


PDIB. CDP SO} Lee 
PDIP CDIP SO} LCC 
PDIF, CDIP. SO} LCC 
PDIP CDE SOL LEC 


LD 


our SRAMs are breaking speed records. And we’re | dicts ala OAK X 1 1505 PDIF, CDIF, SOJ 
not just sampling product, we’re shipping |'MT5C6404 16K X 4 15ns PDIP. CDIP. SOJ 
production volumes. 


PDIP. CDIP. SOJ 
PDIP. CDIP. SOJ 
PDIP. CDIP. SOJ, LCC 
PDIP. CDIP. SOJ 
PDIP. CDIP. SOJ 


Choose from a wide variety of components | MT5C6405_ | 16K X4OE 15ns 
in DIF, SOJ and LCC packages, with densities from | yg75C6406/7 16K X4 
16K to 256K and organizations of x1, x4 and x8. | : | eae) ae 
And like all Micron memory products, our | MT5C6408 | 8K X 8 15ns 
SRAMs are backed by the type of strong sales, |, -rp | 
customer service and technical ee SUA jor? 
MT5C1604 4K X 4 15ns 


support that keeps you on 
MT5C1605 4K X 4 OE 15ns PDIP, CDIP. SOJ 


the leading edge. 
MT5C1606/7 4K X4S.1/O 15ns PDIP, CDIP, SOJ 


For additional information on 4am 
how you can break the SRAM 

MT5C1608 2K X 8 15ns PDIP, CDIP SOJ 
*Slower speeds also available. 


speed barrier, call 208-386-3900. 


Micron, it’s a name worth remembering. 
TECHNOLOGY, INC. 


European Office: Trafalgar House, Grenville Place, Mill Hill, London W73SA_ Phone: 01-959-3611, FAX: 01-959-6168 


UNITED KINGDOM FRANCE BELGIUM DENMARK FINLAND NETHERLANDS ITALY SPAIN ISRAEL NORWAY SWEDEN 
M { 


Micro Call Ltd. Rep’Tronic, SA MCA-Tronix SPRL Henckel Elektronik Turion Oy AKAM Moxel S.r.L. ATD Electronica, S.A. Rapac Electronic, Ltd. BIT Elektronikk A.S. IEK AB 

Phone: (084 421) 5405 Phone: (1) 69288700 Phone: (041) 674208 Phone: (03) 906333 Phone: (0) 372144 Phone: (079) 443200 Phone: (02) 61290521 Phone: (1) 2344000 Phone: (3) 477115 Phone: (03) 847099 Phone: (08) 804685 
1) 2344009 

Abacus Electronics PLC A2M (1) 23 

Phone: (0635) 30680 Phone: (1) 39549113 


RTF Diffusion 
Phone: (1) 47460113 


CIRCLE NO 187 


3 pceeetes 
EASES TILIEIST 


The best new feature 
in an HP digitizing 
oscilloscope is a 

REE printer! 


e HP 54100A/D—Low cost 1 GHz 
bandwidth 


e HP 54110D — 1 GHz bandwidth 
plus color 
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HP 54111D — 2 Gigasamples/ 
second 
HP 54112D — 4 channels 64K 


memory each 
HP 54120T—20 GHz bandwidth 


HP 54200A/D — Affordable 200 
Megasamples/second 


HP 54201A/D — 300 MHz 
bandwidth 


HP 16500A Oscilloscope — 
8 channels 400 Megasamples/ 
second each 


From now until February 28, 1989, 
when you order a digitizing oscillo- 
scope* you'll get FREE hardcopy. 
Because HP will give you a printer! 

And not just any printer, but a high- 
performing HP PaintJet® or ThinkJet® 
printer that quickly and easily creates 
hardcopy results of on-screen data 
with just the push of a button. Say 
goodbye to mounting a camera on 
*Does not include the HP 54501 or HP 518X. 


INI eT 


the scope face, developing film and 
scratching measurement results into 
the picture. The printer does it all, 
quickly and easily reproducing the 
measurements taken by the digitizing 
oscilloscope. Order an HP scope with 
a monochrome CRT and get a FREE 
HP ThinkJet printer — a $495 value. 
Order an HP scope with a color 

CRT, and get a FREE HP PaintJet 
printer — a $1395 value. 
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Call HP today: 
1-800-752-0900, ext. 215W. 


Now is definitely the time to team up 
with an HP scope. For more informa- 
tion about HP’s broad family of 
digitizing oscilloscopes, call today. 
Our FREE printer offer ends on Feb- 
ruary 28, 1989. It’s an offer so good, 
even the phone calls are FREE! 

© 1988 Hewlett-Packard Co. EI15817/EDN 
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SPECIAL REPORT 


Programmable 


Although programmable logic devices (PLDs) have 
been around for over a decade, engineers have recently 
begun to use them at geometrically increasing rates. 
PLD makers have responded to this surge in demand 
with a flurry of across-the-board improvements in 20-, 
24- and 28-pin PLDs. The improvements include in- 
creased speed, advanced processes, architectural en- 
_hancements, and lower power. 

The biggest news from the PLD front is the dramatic 
increase in speed that new PLDs offer in comparison 
with those available just a year ago. Leading the pack 
in its class of 24-pin devices, with a 7-nsec propagation 
delay (tpp), is the Gazelle Microcircuits GA22V10-7. 
Programmed and tested, it sells for $37 (10,000); the 
10-nsee version is $35. Fabricated in a MIL-spec and 
S-qualified GaAs process by Triquint (a Tektronix sub- 
sidiary and GaAs foundry), the device has the architec- 
ture and programmable output macrocells of the con- 
ventional 22V10. Unlike many high-speed devices, the 
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Logic Devices 


PLD manufacturers have been making 
waves with large, exotically architectured 
devices that are lapping at the low end of 
gate-array applications, but they havent 
neglected bread-and-butter 20-, 24-, and 

28-pin devices. These more conventional 

PLDs benefit from a host of detail mprove- 
ments in speed, semiconductor processing, 
and architectural enhancements. 


Charles H Small, Associate Editor 


GA22V10 has a preload feature that simplifies device- 
level testing—especially when you program the PLD 
as a state machine. 

Gazelle also offers the GA22VP10-7, a more flexible 
version of the GA22V10, for $35 (10,000). This device 
has a 7.5-nsec tpp. The device is pin and function com- 
patible with the 22V10. In addition, you can set up its 
output macrocells in configurations that are not possi- 
ble with the conventional device. For example, the 
GA22VP10-7’s output macrocells can function as bidi- 
rectional I/O lines; the 22V10’s can be either input or 
output lines, but not both. 

The firm’s designers took pains to make the devices 
usable in conventional circuits. The devices’ inputs and 
outputs are TTL compatible and, unlike those of some 
other GaAs devices, they operate from a single 5V 
supply. Their power consumption is 1W—a high figure 
for a single device, but nevertheless comparable to 
other high-speed, bipolar, or ECL devices. 


EDN November 10, 1988 


Extensive renovations have led 
to expanded PLD architectures. 


(Photo courtesy Exel Microelec- 
tronics Inc) 
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PLD makers have responded to the surge 
in demand with a flurry of across-the-board 
improvements in 20-, 24- and 28-pin 
PLDs. 


The biggest difference between the GA22V10 and a 
conventional PLD is that the GA22V10’s GaAs part is 
not field programmable. Instead, you must send a 
JEDEC file for your part to Gazelle, which will pro- 
gram your parts with special laser-trimming equip- 
ment. Conventional device programmers can’t handle 
the GA22V10. 

Somewhat slower. than the exotic GaAs device, and 
comparable to bipolar 22V 10s in speed, is Lattice Semi- 
conductor’s CMOS GAL22V10. The device has a 15- 
nsec tpp. The manufacturer claims that the electrically 
erasable device typically draws 90 mA. 

Now only one speed grade behind bipolar parts, Cy- 
press Semiconductor’s CMOS 20-pin 18G8 has a 12-nsec 
tpp and draws just 80 mA. The UV-erasable device’s 
generic architecture allows you to program it to replace 
23 bipolar types. It sports a ninth product term to 
control each I/O macrocell’s output-enable function. 

National Semiconductor’s new versions of the 
PAL1016SP4A and PAL10016P4A ECL PALs reduce 
the tpp to 4 nsec from the 6 nsec of previous versions, 
and they consume less power than their predecessors 
do. The two versions are compatible with the 10KH 
and 100K ECL families, respectively. The 
PAL1016SP4A costs $22.75 (100); the PAL10016P4A 
sells for $25.94 (100). 

Texas Instruments also offers a fast, ECL version 
of the 16P8 PLD. The 24-pin TIEPAL10H16P8-6 has 
a 6-nsec tpp and comes in 10KH and 100K versions. 
It costs $19.78 (1000). 

Several manufacturers have recently introduced bi- 
polar parts whose blazing speeds rival those of ECL 


The 20-pin PALC18UQ8 from AMD is a UV-erasable device whose 
programmable output macrocells are quite similar to the 22V10’s. 
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parts. The amazing speed increases in bipolar PLDs 
amount to a doubling in speed over the past year. 

AMD, for example, has enhanced both the speed 
and the architectural flexibility of PLAs (programma- 
ble logic arrays). The PLS105, a 28-pin device, adds 
buried registers to the conventional PLA architecture; 
it can therefore realize state machines having 30 to 
40 states without requiring off-chip feedback or regis- 
ters. The device can clock through a sequence of states 
as fast as 37 MHz, and it costs $17 (100). The PLS105 
is the third member of a new family of fast PLAs that 
also includes two 24-pin devices, the PLS167 and 
PLS168. : : 

Signetics, too, has faster versions of its FPLS (field- 
programmable logic sequencer). The PLUS405 is a su- 
perset of the PLS105, which clocks at 33 MHz. It fea- 
tures 16 inputs, eight buried state registers, eight out- 
put registers, and 64 state-transition terms. It has two 
complement-array terms to the PLS105’s one. The de- 
vice dissipates 950 mW and sells for $9. 

AMD’s PAL16R8-7 family takes the most common 
PLDs beyond the speed of conventional TTL. The de- 
vices have a 7.5-nsec tpp. The family comprises the 


An electrically erasable version of the classic 173 PLA is the Gould 
PEEL173. 
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garden-variety PALI6L8, PAL16R8, PAL16R6, and 
PAL16R4, which sell for $10.45 (100). Using the same 
bipolar process, AMD also manufactures two classes 
of 24-pin parts: the PAL20R8 family, which has a 10- 
nsec tpp and a $9.95 (100) price tag, and the 
PAL22V10-15, which has a 15-nsec tpp and costs $16.45 
(100). The PAL20R8 family comprises the PAL20L8, 
PAL20R8, PAL20R6, and PAL20R4. 

Signetics, too, has faster versions of established de- 
vices. First, the firm now has 12-nsec D versions of 
the 20-pin PLUS153 and 24-pin PLUS173 FPLAs. The 
parts sell for $6.50 and $10.50, respectively (in compari- 
son, a new 15-nsec PLUS173B costs $7.50). Thus, you 
can now use these more flexible PLAs in high-speed 
applications where previously only PAL-type devices 
could perform. Meanwhile, the firm’s 20-pin 16XX and 
24-pin 20XX PLDs, which cost $5 and $9.50, respec- 
tively, now come in 10-nsec tpp versions. 


CMOS chases bipolar 


Lattice Semiconductor has also extended its 20-pin 
and 24-pin electrically erasable GAL (generic array 
logic) devices, which are supersets of common PALs, 
into the speed range of bipolar PLDs by lowering their 
tpp to 12 nsec. Both the 20-pin GAL16V8A-12 and the 
24-pin GAL20V8A-12 draw 115 mA. They sell for $8.32 
and $9.51 (100), respectively. National Semiconductor 
acts as an alternate source for these parts. 


Architectural enhancements 


Increases in speed are only part of the story of PLD 
improvements. In general, PLD makers have striven 
to make detail improvements to existing PLD architec- 
tures. Such improvements make the devices easier to 
apply, but don’t change them so drastically that they 
require designers to master a completely new design 
discipline. 

Exel’s XL78C800 Erasic, for example, brings an ex- 
otic folded-NOR architecture to a 24-pin, electrically 
erasable device. With the company’s software, how- 
ever, you can compile logic specifications for conven- 
tional PLDs and exploit the device’s unique properties. 

The folded-NOR architecture allows you to program 
logic functions that can loop through the NOR array 
several times. Therefore, the device has a 2-part tpp 
specification: a 10-nsece delay for getting signals on and 
off the chip plus a 15-nsec delay for each pass through 
its NOR array. The electrically erasable device can 
also emulate most common 24-pin PLDs. It draws 45 
mA and comes in 45-, 35-, and now 25-nsec versions 
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The GAL20V8A-12 from Lattice Semiconductor is an electrically 
erasable superset of common 20-pin PAL-type devices. 


The PALI6R8-7 family from AMD takes bipolar PALs into the 
speed range previously inhabited only by ECL devices. 


that cost $9.25, $12, and $17 (100), respectively. 

The folded-NOR architecture comprises a plane of 
uncommitted NOR gates whose outputs can feed the 
10 output macrocells or feed back into the input array. 
Using the NOR plane, you can cascade as many as 42 
levels of internal logic without going off chip. This 
cascading means that you can build up complex logic 
structures without using up I/O pins and incurring the 
delays that going off chip for logic feedback would 
cause. 

Altera’s EPM5032 takes a different route to architec- 
tural enhancement by combining the concept of uncom- 
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New PLDs are dramatically faster than 
the PLDs available just a year ago. 


A folded-NOR architecture lets the XL78C800 Erasic from Exel 
emulate most common 24-pin PLDs. 


mitted gates—in this case, AND gates—with some ele- 
ments of conventional PLDs. The device, the first 
member of a planned family of Max devices, is available 
in a 20-nsec tpp version and a 30-nsec tpp version for 
$31.20 and $26 (100), respectively. The device has 32 
logic macrocells, eight dedicated input pins, and 16 
bidirectional I/O pins. 

The company claims that the device’s more flexible 
architecture achieves six times the logic-function den- 
sity of conventional PLDs. Further, it claims that the 
EPM5022 can directly implement the functions of most 
7400 TTL devices and that it doesn’t require the design 
changes that conventional PLDs do when emulating 
7400 logic. 

The basic idea underlying the Max architecture de- 
rives from the observation that 70% of all logic specifi- 
cations require three or fewer product terms per out- 
put. Most PLDs provide fixed blocks of eight product 
terms per output; the Max architecture commits only 
three. To accommodate those designs requiring more 
than three product terms, the Max devices have an 
array of uncommitted gates that you can dedicate to 
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A number of enhancements to the conventional PAL-type architec- 
ture make the 5AC312 from Intel suitable for multiplexed systems. 


any output. 

The EPM5032, for example, has 64 expansion gates. 
If you don’t need all the expansion gates for product 
terms, you can use a pair of cross-coupled expansion 
gates as a buried register. Further, you can connect 
the output of any logic element on the chip to the input 
of any logic element via a crosspoint-like interconnec- 
tion array. Altera offers the Max devices’ uncommitted 
gates and interconnection array as a solution to the 
problem of underutilization of PLDs’ internal circuit 
elements. 


Peculiar numbering scheme misleads 


Because of the peculiar part number of the Intel 
5AC312, you might expect that this PLD has a very 
exotic, unusual architecture. In fact, the device is a 
conventional PAL-type device having a number of sub- 
tle, but very useful, enhancements that especially suit 
computer systems with multiplexed buses. The win- 
dowed version of the part costs $19.50; the one-time- 
programmable (OTP) version is $14.30 (100). The pecu- 
liar part number arises from a high-level decision at 
Intel to follow an internal numbering scheme rather 
than hewing to industry-standard nomenclature. 

The 24-pin, 25-nsec tpp device has both input and 
output macrocells that you can set up as registers, 
latches, or combinatorial circuits. It has eight dedicated 
inputs and 12 I/O macrocells. The I/O macrocells can 
function simultaneously as buried registers and as in- 
puts. The asynchronous-clock, preset, and clear inputs 
to the I/O macrocells have two product terms each, 
unlike most PLDs, which have a single product term 
for these functions. You can reallocate some product 
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The firm’s first entry in the PLD field, the Seeq PALC20RA10Z, 
is a zero-power, electrically erasable version of the 20RA10. - 
terms from one output to another. 

The eight product terms associated with each I/O 
macrocell are divided into two groups of four. You can 
redirect the outputs of one or both of these groups of 
four from their I/O macrocell to an adjacent macrocell. 
Thus, a given I/O macrocell can have four, eight, 12, 
or 16 product terms feeding it (at the expense or profit 
of its neighbors). 


Breaking all the rules 


The PAL22IP6, a $13.95 (100) part that AMD dubs 
IPAC (interface protocol ansynchronous cell), is a 
unique PLA designed for coordinating communication 
between two unsynchronized systems. Instead of 
communicating in lock step with a common clock, two 
asynchronous processes can use the PAL22IP6 to per- 
form handshakes. Seeq is an alternate source for this 
part. 

The 24-pin PAL violates the secret protocol laid 
down for PALs by their first designers because it has 
edge-triggered flip-flops. Early PAL designers were 
against asynchronous design as a matter of principle. 
Metastability can always rear its ugly head when you 
use asynchronous-design techniques. AMD claims, 
however, that because it characterized the PAL22IP6’s 
flip-flops for metastability, the flip-flops experience 
75% less metastability than other flip-flops (a claim 
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Featuring a user-programmable, automatic zero-power shutdown 
mode, the PEEL22CV10Z from International CMOS Technology 
also offers I/O macrocells that have 12 programmable configurations. 


from which you can take as much comfort as you wish). 
The device has 16 inputs, and its six programmable 
outputs emit a healthy 48 mA for driving buses and 
backplanes. | 

Cypress Semiconductor’s CY7C330 family, too, has 
an asynchronous member—the CY7331. The 28-pin, 
UV-erasable device implements state machines that 
clock at 50 MHz and costs $16.45 (100) for the 35-nsec 
version and $21.40 (100) for the 25-nsec version. It has 
13 dedicated input pins that feed a conventional, pro- 
grammable AND-OR array comprising 192 terms. The 
AND-OR array feeds 12 programmable I/O macrocells. 
The macrocells have both an input and an output flip- 
flop. You can program the macrocell’s output flip-flops 
to be edge-triggered devices. Additionally, by virtue 
of an XOR gate at their inputs, you can program the 
output flip-flops as either D or T types. 

The synchronous member of the family, the CY 7330, 
has the same basic structure as the CY73381 except 
that its output flip-flops are synchronous and its input 
flip-flops are edge triggered. The part costs $23.55 
(100) for the 33-MHz version and $30.60 (100) for the 
50-MHz version. 

Ranking second only to implementing state ma- 
chines, address decoding comprises 20% of all PLD 
applications. Texas Instruments. ealls_ its 
TIBPADI6N8-7C a “PAD” for “programmable address 
decoder.” Despite its familiar-looking part number, the 
device is not a conventional 16XX part. It has only 
one product term per output. Thus, it suits only high- 
speed address-decoding applications, and not general- 
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The amazing speed increases in bipolar 
PLDs amount to a virtual doubling in 
speed in just the past year. 


purpose logic applications. But, because it has fewer 
logic elements than do conventional PLDs, it sports a 
7-nsec tpp. It costs $9.93 (1000). 

The most popular architectural enhancement for 
PLDs has proven to be programmable output macro- 
cells for CMOS PLDs. By virtue of the macrocells, one 


such CMOS device can replace a host of less-flexible 
bipolar devices. 

AMD has joined the ranks of manufacturers that 
offer a nearly universal CMOS replacement for a gaggle 
of bipolar devices. The 20-pin PALC18UQ8 is a UV- 
erasable device having programmable output macro- 


PLD testing: The issue that won’t go away 


If you use PLDs instead of fixed- 
function devices, you may have 
to assume some of the device- 
testing responsibilities that once 
were borne entirely by device 
manufacturers. PLD-testing 
strategies vary widely in their 
complexity, cost, and effect on 
device yields and field failures. 

Logically, PLD-testing strate- 
gies should vary only to accom- 
modate different device types 
and to achieve an appropriate 
AQL (acceptable quality level). 
Sadly, PLD-testing strategies 
also vary from company to com- 
pany because of lack of under- 
standing of PLD-testing issues or 
simply lack of care. 


Rigorous testing 


For example, although some 
PLD users follow the program- 
ming of their bipolar PLDs with 
a rigorous 3-day burn-in and full 
ac and de parametric testing, oth- 
ers do no more than verify the 
PLD’s fuse map after program- 
ming. These latter PLD users do 
not even bother to append a set 
of design-verification vectors to 
their JEDEC file to exercise the 
PLD with their PLD program- 
mer’s low-speed functional-test 
capability. (Some programmers 
apply test vectors to devices only 


one pin at a time. Such program- 


_ mers may not be able to do 
_ proper testing of PLDs that have 
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multiple qualifiers. ) 

Such slapdash methods will no 
longer suffice, however, because 
PLDs are becoming more com- 
plex and because the number of 
PLDs used in a given design is 
increasing. The likelihood of de- 
vice failures is also increasing, 
therefore, and so is the probabil- 
ity of nonfunctional pe boards. 
Design engineers must realize 
that no matter which PLD they 
specify, the part brings certain 
testing costs with it into the 
factory. 

An effective PLD-test strategy 
devolves from several factors: 

@ Device process technology, 

e PLD architecture, 

@ On-chip test circuitry, 

e Each particular PLD’s pro- 

gram, 

@ Desired quality level. 
These factors influence just 
how much testing you'll perform 
on a PLD (or whether you'll test 

it at all) at each manufacturing 
stage as it passes through your 
factory. The various tests include 
incoming inspection, device test- 
ing, and accelerated-life testing. 
Accelerated-life testing can have 
two goals—to reveal infant mor- 


_ tality and to predict field failures. | 


Duplicate production-line testing 


The most rigorous in-house 


testing strategy for bipolar parts 


is simply to duplicate the final- 


test methods that any device 
manufacturer would employ for 
fixed-function parts. First, you 
must ensure that you have a test- 
able design. Before releasing 
your PLD design for production, 
you should evaluate it for fault 
coverage and develop a compre- 
hensive set of test vectors to sup- 
plement your design-verification 
vectors. : 


Secret test modes | 

_In general, bipolar parts can’t 
be tested before you program 
them. In some cases, however 
(especially if you’re a big enough 
customer), the PLD manufac- 
turer will release secret device- 
testing details that could allow 
you to perform some tests at in- 
coming inspection. Bipolar-PLD 
makers use various fuse technolo- 
gies; you should look for extended 
burn-in test results from each 
manufacturer to see if its fuse 
technology affects the program- 
ming yield. 

After you program the device, 
you can check its fuse map and 
perform a simple, low-speed func- 
tional test on the device program- 
mer. After programming and 
verification, you burn the device 
in for 72 hours and then retest it 
on high-speed (and high-cost) 
automatic test equipment (ATE) 
by using a complete suite of de- 
sign-verification and fault-isola- 
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cells that are quite similar to the 22V10’s. You can 
program the device’s outputs in eight different regis- 
tered or combinatorial, active-high or active-low, and 
locally or globally enabled combinations. 

The devices exhibit tpps comparable to those of 
‘other low-power (55-mA) CMOS devices: 25 and 35 


nsec. One-time-programmable versions of the devices 
cost $4 and $2.75 for the 25- and 35-nsec versions, 
respectively. 

International CMOS Technology’s PEELI8CV8 is a 
superset of both conventional 20-pin PAL-type PLDs 
and some architecturally enhanced devices, such as the 


tion test vectors. Such a test pro- 
cedure will yield AQLs in the 
same range as those of TTL 
parts: failures of 100 to 200 ppm. 

Such testing is expensive. To- 
day’s bipolar PLDs are approach- 
ing ECL speeds, and testing such 
fast parts requires high-speed, 

expensive ATE. Expensive test- 
- vector-generating programs can 
lessen the number of man hours 
- required to develop test vectors. 

If you can’t afford this expen- 
sive procedure, you can take ad- 
vantage of services such as Texas 
Instruments’ Impact program. TI 
has placed its Impact PLD test- 
ers with various distributors 
around the US. These distribu- 
tors can program and test PLDs 
for you and can deliver PLDs 
whose AQLs are the same as 
those of TTL parts. 

The PLD-testing picture 
changes dramatically when you 
use erasable PLDs. Manufactur- 
ers of either electrically erasable 
or UV-erasable PLDs can pro- 
gram several patterns into their 
devices for test purposes during 
manufacturing, and then erase 
them before shipping. They 
claim, therefore, that because 
they ship devices that are 100% 
tested, you don’t need to do any 
testing beyond simple fuse-map 
verification to achieve a 100-to 
200-ppm AQL. 

Indeed, Intel suspects that fur- 
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ther testing on your part may 
only decrease yields and damage 
devices without increasing device 
reliability. The only field failures 
Intel has seen to date in its UV- 
erasable devices were caused by 
improperly calibrated device 
programmers. Typically, an out- 


_of-spec programmer blows the 


device’s Vpp line open. 


Altruism versus experience 


Be aware that the reason that 
erasable-PLD makers are doing 
extensive tests on their devices 
is not simply because the devices’ 
process technology permits them 
to do so. Erasable-device makers 
generally do a high-temperature 
burn-in on each device to check 
for program-data retention. Ele- 
vated temperature puts the 
greatest stress on the insulation 
layer that protects the erasable 
devices’ floating gates. The 
manufacturers must do this burn- 
in to achieve an acceptable qual- 
ity level. 

You can take advantage of 
their test procedures, therefore. 
However, before you do, you 
should examine their test proce- 
dures thoroughly. The thorough- 
ness of a given manufacturer’s 
test may reflect the company’s 
devotion to quality or may reflect 
a less-than-mature manufactur- 
ing process. Typically, IC makers 
do less and less testing as they 


gain more experience with a 
given process. __ 

Erasable-device manufacturers 
can often supply extended-burn- 
in test results, which link the 
burn-in data to expected field fail- 
ures. You should pay particular 
attention to 1000-hour burn-ins at 
elevated temperature and ele- 
vated humidity for plastic-pack- 
aged devices. Today’s smaller IC 
packages have less plastic be- 
tween the outside world and 
the chip, so they can be more 
susceptible to environmental 
contamination. 

The devices’ process technol-_ 
ogy can determine the number of 


_ tests a manufacturer performs. 


Electrically erasable devices 

have a shorter program-erase cy- 
cle than do UV-erasable devices. 
Therefore, manufacturers of elec- 
trically erasable devices can pro- 


~ gram and test 20 to 30 patterns 


for each device. To make up for 
their devices’ slower program- 
erase cycle, UV-erasable-device 
manufacturers typically include 
more onboard test circuitry than 
do makers of electrically erasable 
devices. 

Finally, in many cases, you 
won't be able to duplicate the 
manufacturers’ test patterns, be- 
cause erasable-device makers 
won’t release their internal test 
procedures for fear of giving 
away design secrets. 
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PLD makers’ improvements to existing 
PLD architectures make the devices easwer 
to apply without requiring designers to mas- 
ter a new design dtsctpline. 


COMPARISON OF VARIOUS DEVICE TECHNOLOGIES 
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Lattice GAL16V8 and the Altera EP320—which are 
themselves supersets of conventional PAL-type de- 
vices. The electrically erasable PEEL18CV8 achieves 
this flexibility by virtue of its output macrocell. Other 
20-pin PLDs’ macrocells allow only four or eight con- 
figurations; the PEELI8CV8 permits 12. 

The 18CV8 has an architectural enhancement that 
typifies the detail improvements PLD designers have 
been incorporating in newer devices. The device has 
a ninth product term for each output macrocell for the 
output-enable function; older devices have only eight 
product terms per macrocell. In wP systems, you often 
need all eight product terms for the logic function, 
which would leave you one product term short for the 
output-enable function if you used older devices. The 
18CV8 comes in 35- and 25-nsec tpp versions; they 
sell for $2.10 and $3 (1000), respectively. The 18C V8’s 
power consumption—the lowest among 25-nsec de- 
vices—specs 20 mA plus 0.7 mA/MHz max. 

Atmel’s V750, which costs $14.63 (100), is a more 
flexible superset of the industry-standard 22V10. The 
V750 is virtually a Siamese-twin pair of 22V10s shoe- 
horned into the same package that the company uses 
for a single 22V10. Each of the V750’s output macro- 
cells has a pair of flip-flops; a 22V10’s macrocells have 

5 a single flip-flop each. Each of the V750’s flip-flops, in 
The equivalent of two 22V10s reside on the 1-chip Atmel V750._— tyyn, has a full complement of conventional AND/OR 
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4? favorite PLD 
flavors. Now in 


two 12 ns GAL parts. 


It’s not uncommon to crave 
extra speed from a standard PLD. 
But until now it’s been nearly 


impossible to find a device in your 


favorite flavor with the speed you 
really need. 

That’s why Lattice Semicon- 
ductor offers the GAL16V8A and 
GAL20V8A. Together they give 
you 42 standard PLD types, 
including most PAL® devices. 

All at 12 ns. The largest selection 
of high-speed PLDs. 


Bipolar speed at half power. 

These two GAL devices don't 
just give you 12 ns gate delays. 
With Lattice’s E;>CMOS™ technol- 
ogy, they give you 12 ns at half the 
power of bipolar PLDs. 

Lattice GAL devices also help 
you reduce inventory- without 
sacrificing design options. Stock- 
ing two flexible GAL devices is 
like stocking 42 standard PLDs. 

This unique flexibility comes 
from Lattice’s proprietary Generic 


Circle 114 for Literature 


Circle 115 for Demonstration 


E2CMOS is a trademark of Lattice Semiconductor. 
GALisa registered trademark of Lattice Semiconductor. 
PAL is a registered trademark of Monolithic Memories, Inc. 


Array Logic (GAL) architecture. 
With output logic macrocells 
(OLMC), it’s an architecture that 
lets you configure outputs to 
emulate a wide variety of PLDs. 


Near-perfect quality. 
Unlike other PLDs which are 
statistically tested, Lattice tests 


every characteristic on every part. 


Repeatedly. As a result, function- 
ality, AC/DC performance, pro- 
grammability and specifications 
are guaranteed. 

The benefit of all this testing is 
near-perfect quality. Combined 


with GAL device programmabil- 
ity and reuseability, this signifi- 
cantly reduces the cost of PLD 
ownership. 


Standard tool support. 

Since GAL devices are pin-for- 
pin compatible with standard 20 
and 24 pin PALs, you can continue 
using the same fuse maps you've 
used all along. And standard 
programming tools as well. 

So order your free copy of the 
Lattice GAL Data Book today. 
Then, next time you need fast 
PLDs, be sure to specify GAL 
devices. In just two parts you'll 
discover 42 favorite flavors. 

From Lattice Semiconductor, of 
course. With more fast PLDs than 
anyone else. 


Lattice 


Semiconductor 
Corporation ™ 


5555 N.E. Moore Ct. * Hillsboro, OR. 97124 


Copyright © 1988, Lattice Semiconductor Corporation. 


Ranking second only to implementing state 
machines, address decoding comprises 20% 
of all PLD applications. 


terms driving it. One of the two flip-flops feeds the 
output, and the other is a feedback term to the chip’s 
AND/OR array. You can optionally route the feedback 
flip-flop’s product terms into the output flip-flop’s OR 
gate. 

These architectural enhancements yield a device 
that’s much more flexible than a 22V10. For example, 
you can have both a buried register and an output 
register for each output. Or you can program each 
output macrocell as an input while still retaining the 
buried register. Or you can double the number of prod- 


With a tpp of only 12 nsec, the PLUS153D PLA from Signetics now 
allows you to use the more-flexible PLA in applications for whicn 
formerly only PAL-type devices were fast enough. 


SPLUS405 
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Ea ae 


The PLUS405 is a field-programmable logic sequencer from 
Signetics that clocks at 33 MHz. 
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uct terms fed to the output register by routing the 
feedback register’s product terms to it. 

Lattice Semiconductor has brought its GAL concept 
to the FPLA. The firm’s GAL6001 is a superset of 
existing 24-pin PAL and IFL PLDs. It is an electrically 
erasable device that has 10 programmable output mac- 
rocells, eight buried registers, and 10 input macrocells. 
It also features a 30-nsec tpp. Its AND array has 78 
inputs x 75 outputs; its OR array has 64 inputs x36 
outputs. 

As engineers pack ever-increasing numbers of PLDs 
onto their pe boards, power consumption is becoming 
a critical issue. Half- and quarter-power versions of 
conventional bipolar PAL-type devices have been 
available for some time. The tradeoff associated with 
these devices is that lower speed accompanies lower 
power consumption. Now, however, the speed of low- 
power bipolar devices is improving. For example, the 
Signetics PLHS16L8B ($3.75) and PLHS18P8B ($4.33) 


INPUT 
INPUT/CLK | 
INPUT 
INPUT 


INPUT 
INPUT 
INPUT 
INPUT 
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MACROCELL 12 
MACROCELL 14 


| MACROCELL 24 
MACROCELL 26 


MACROCELL 71 jee 
MACROCELL 23 
MACROCELL 25 

| MACROCELL 28 “MACRC 

| MACROCELL 30 

MACROCELL 32 


| EXPANDER PRODUCT TERM 
ARRAY 
(64) 


The first UV-erasable device to use the Max architecture is Altera’s 
EPM5032. The Max architecture features 64 uncommitted product 
terms that you can allocate to any macrocell, and it has a crosspoint 
array for interconnecting logic elements. 
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THE UNISITE 40 PROGRAMMER 


BECAUSE STATE-OF-THE-ART 


PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS— 
TODAY AND TOMORROW. The Uni- 
Site™ 40's universal programming 
technology is the fastest and easiest 
way to keep up with new devices 
and packages. Its software-config- 
ured pin driver system provides a 
single site for programming any DIP 
device up to 40 pins, including PLDs, 
PROMs, IFLs, FPLAs, EPROMs, 
EEPROMs and microcontrollers. The 
same site accommodates the most 
popular surface-mount packages— 
PLCCs, LCCs and SOICs. 

And now the UniSite 40 is also a 
gang/set programmer. With the new 
SetSite™ module, you can program 
and test as many as eight devices, 
up to 40 pins each, simultaneously. 


INSTANT ACCESS TO NEW DEVICES. 
The UniSite 40's universal pin driver 


IS A STATE OF CHANGE 


electronics stores device-specific 
instructions on a 32" micro diskette. 
To update your UniSite 40 with the 
latest device releases, simply load a 
new master diskette. 


FAST, EASY PROGRAMMING. Menu- 


oriented operation with step-by-step 
prompts makes programming simple. 


Data 1/O Corporation 10525 Willows Road N.E., P:O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 


Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 


Data 1/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/ Telex 16616 DATIO NL 


Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japa 


(03) 432-6991/ Telex 2522685 DATAIO J 


©1988 Data |/O Corporation 
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Or bypass the menus and zoom 
directly to specific operations by 
selecting key commands. Help mes- 
Sages are available whenever you 
need assistance. 

To speed parts selection, the 
UniSite 40 provides a built-in list of 
devices. And you can save your most 
frequently-used programming param- 
eters for instant recall. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers use the 


latest devices in their designs, they 
need the programming freedom only 


the UniSite 40 provides. Call Data |/O° 
today and ask about the UniSite 40. 
Because state-of-the-art never stops 
changing. 


-800-247-5700 
Ext. 618 


DATA I/O 


Corporation 


The most popular architectural enhance- 
ment for PLDs has proven to be program- 
mable output macrocells for CMOS PLDs. 


have 15-nsec tpps but draw only 155 mA; similar PLDs 
draw 180 mA. The PLHSI6L8B costs $3.75; the 
PLHS18P8B is $4.33. 

A series of four 24-pin, half-power PALs from Texas 
Instruments—the TIBPAL20L8, R4, R6, and R8-25— 
have the 25-nsec tpp of second-generation devices but 
draw only 90 mA versus 180 mA for the earlier parts. 
Note that first-generation, 24-pin PALs had 35-nsec 
tpps and drew 180 mA. The parts in the series each 
sell for $3.61 (1000). 

Even among different vendors’ versions of the vener- 
able 22V10, you can find a low-power variant. Atmel’s 
22V10L draws 12 mA on standby plus an additional 
15 mA when clocked at 1 MHz. In contrast, the com- 
pany’s standard 22V10 specs 100 mA standby and 100 
mA when clocked at 1 MHz. It costs $14 (100). 

In addition to the larger 22V10, low-power CMOS 
versions of the original PLD, FPLAs, are available 
from International CMOS Technology; an alternate 
source is Gould Semiconductor. They consume about 
one-fifth the power of their bipolar cousins despite 
their shorter (35-nsec) tpps. International CMOS Tech- 
nology makes two flavors of electrically erasable 


The TIBPALs from Texas Instruments feature a 10-nsec tpp. 


FPLA: the PEEL153P and the PEEL173P, which are 
comparable to the Signetics PLS153 and PLS173 re- 
spectively; they sell for $4.57 and $5.15 (100). The 
company also makes the PEEL253P and the 
PEEL273P. These last two devices are supersets of 
the PLS153 and PLS173 and cost $5.81 and $6.64 (100). 
Their enhancements include 10 additional product 
terms, independent output enables for the OR arrays, 
and a device-signature word. Gould is an alternate 


For more information on PLDs such as those discussed in this article, contact the following manufacturers directly, _ 
_ circle the appropriate numbers on the Information Retrieval Service card, or use EDN’s Express Request service. __ 


Gazelle Microcircuits Inc 
2300 Owen St 
Santa Clara, CA 95054 
(408) 982-0900 : 


_ Advanced Micro Devices Inc 
—Box3408 
Sunnyvale, CA 94088. 


Portland, OR 97208 


Seeq Technology Inc 
1849 Fortune Dr] 
San Jose, CA 95131 
(408) 432-7400 


Lattice Semiconductor Corp 
Box 2500 


5555 NE Moore Ct 


Circle No 6510 


3525 Monroe St 


Santa Clara, CA 95051 


(408) 984-2800 _ 


GeeNeo 


| 2095 Ringwood Ave — 

- San Jose, CA 95131 
_ (408) 434-9201 - 

| Circle No 652 


__ Exel Microelectronics Inc 
San Jose, CA 95161 
(408) 432-0500 
| TWX 910-338-2116 

_ Circle No 653 | 
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Gould Semiconductor 


2300 Buckskin Rd 
Pocatello, ID 83201 


(208) 234-6668 
Circle No 655 


_ International CMOS Technology Inc 
2125 Lundy Ave 


San Jose, CA 95131 
(408) 434-0678 
FAX (408) 434-0688 
Circle No 656 


Intel Corp 

PLD Operation 

1900 Prairie City Rd 
Folsom, CA 95630 
(916) 351-8080 
Circle No 657 


Hillsboro, OR 97124 
(603) 681-0188 
FAX (503) 681-0347 


 TLX 277388 


National Semiconductor 
Box 58090 

Santa Clara, CA 95051 
(408) 721-5000 

‘TWX 910-339-9240 

FAX (408) 245-9655 
Circle No 659 


Samsung Semiconductor 
3725 N First St 

San Jose, CA 95134 

(408) 434-5400 

TLX 339544 

Circle No 660 


TLX 296609 


FAX (408) 482-9549 


Circle No 661 _ 


Signetics Corp 


Box 3409 


Sunnyvale, CA 94088 
(408) 991-2000 


_ Circle No 662 


Texas Instruments Inc 
Semiconductor Group (SC-744) 


Box 809066 
Dallas, TX 75380 


(800) 232-3200 ext 500 
Circle No 663 
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i ..an industrial 
grade GANG/SET programmer for high- 
volume production. 

@ 32-32 pin or 16-40 pin EE/EPROM 
Capacity. 

@ Reliable quad redundant design minimizes 
downtime. 

@ Virtual algorithm code and space memory 
architecture assure upgradeability. 

@ Extensive error checking operations. 

@ Minimal operator skill required. 
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® Device selectice 
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(UPL - Geiserss! Compiler for Programebis icgic - 52. 


CUPL” ..the first high level, universal 

language for PLDs. 

@ Schematic entry, state machine or boolean 
equation design formats. 

& Comprehensive data base support library. 

@ Compatible with MS-DOS, UNIX and VMS. 

24 hour/7day dial up bulletin board for 
update information. 

B Worldwide field support. 


CES, INC. 


0O@ 


ALL) oO aN ..the universal device 


programming workstation that grows with 

your needs. 

@ Programs over 1800 device types (PLDs, 
PROMs, Micros). 

@ Continous device support program by 
floppies. 

@ No adapters or plug-in electronics. 

@ Totally pin/software driven. 

@ Certified by major PLD manufacturers. 

@ High performance, menu-driven or macro- 
driven user interface software. 


1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 974-0967. Toll Free 800-EE1-PROM. Telex 383 142 


Booth #3587 
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MIL-STD-883C 
COMPLIANT 


For math-intensive processing, Logic Devices offers a whole 
range of innovative architectural solutions, including these low- 
power CMOS functions. So if your application is pushing data 
rates of 25 MHz and beyond, check out our real-time solutions. 
Call toll free 1-800-851-0767 (in California, 1-800-233-2518) for a 
product catalog, which includes our MIL-STD-883C compliant 


parts. Or write: Logic Devices, Inc., 628 East Evelyn 
Avenue, Sunnyvale, California 94086. Telex 172387. 


16-bit ALU L4C381 A eg 
¢ 16-bit cascadable ALU, with 26ns. flow-through add time. 


¢ Includes optional pipeline registers. 


e Implements add, subtract, accumulate, two’s complement, 
pass and logic operations. 


16-bit multiplier LMU18 J 


e 16x16 multiplier, with 35ns. multiply time. 
¢ Non-multiplexed 32-bit output port. 


32-bit barrel shifter/normalizer LSH32 


e 32-input, parallel shifter with 32ns. prop. delay. 


e Implements left, right, or circular shifts, 0 to 32 positions; 
automatically calculates optimum scaling value for maximum accuracy. 

e Separate external shift distance inputs for block floating-point 
applications. 


12-bit multiplier-summer (AxB)+C LMS12 


e 12x12 multiplier, plus 26-bit adder in one package. 
e Cascadable to form 25MHz video filter with broadside coefficient load. 


DEVICES INCORPORATED 
CIRCLE NO 95 
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Two electrically erasable devices, National Semiconductor’s 
GAL16V8 and GAL20V8, permit complete ac, dc, cell, and func- 
tional testing. 


source for these devices. 

Making their debut in the medium-power, medium- 
speed range are 16XX and 20XX UV-erasable PLDs 
from Samsung. The 16XX parts range in price from 
$2.60 to $4.50, and the 20XX devices range from $3.50 
to $7. The devices feature tpps of 25 and 35 nsec, and 
they draw 45 and 75 mA, respectively. 

For the most power-critical applications, a narrow 
selection of so-called zero-power devices is available. 
The devices, like all electronic parts, actually consume 
zero power only when they are off and unpowered; in 
their standby state, however, they draw only mi- 
croamps and hence almost justify their name. 


Almost no power at all 


The low-power version of International CMOS Tech- 
nology’s UV-erasable 22CV10, for example, is the 
22CV10Z, which draws 45 mA plus 0.5 mA/MHz when 
operating. However, if you’ve selected the low-power 
mode when programming the device, the device will 
power itself down when it detects no input activity. 
It will stay powered down until input activity resumes. 
In the power-down state, the device draws only 100 
pA. The 22CV10 costs $10.45 (1000); the low-power 
22CV10Z costs $14.14 (1000). 

Seeq’s first entry in the PLD field, the 
PALC20RA10Z, is a zero-power, electrically erasable 
version of the 20RA10. The PALC20RA10Z draws only 
150 wA on standby and 5 mA/MHz when operating. 
AMD 1s an alternate source for the device, which comes 
in 40- and 45-nsec tpp versions. 

Finally, Texas Instruments has extended zero-power 
characteristics to 20-pin devices with a series of four 
UV-erasable PALs: the TICPAL16R4, R6, R8, and 
L8-55, all of which are priced at $5 (1000). The devices 
draw 100 pA in standby mode and 2 mA/MHz when 
operating. Like other very-low-power devices, they 
are not as fast as higher-power devices; their tpp is 


55 nsee. = ON 


Article Interest Quotient (Circle One) 
High 494 Medium 495 Low 496 
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Don’t be foiled when you 
need both CMOS and 
NMOS E°?PROMs. 


If you’re designing with high- 
density E2PROMs, you’ve just met 
your match. Because with Xicor’s 
256K CMOS E?PROMs, now you can 
more easily match your system’s 
power needs. And with our 256K 
NMOS E2PROM parts, you can op- 
timize your budget requirements. 
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Cut design cycles down to 
size. Compared with alternative 
solutions, Xicor 256K E2PROMs 
reduce design complexity and 
simplify interface tasks. They’re full- 
featured, 5V only nonvolatile 
devices, ideal for applications 
where field reprogrammability and 
ease of use are critical. In conven- 
ient, byte-wide 32K organizations, 
these parts deliver effective byte 
write times of 78 psec, in 64-byte 
page mode operation. |n addition, 
DATA Polling or Toggle Bit schemes 
can be used to detect the early 
completion of a write cycle. 

Safeguard data integrity 
with Software Data Protection. 
To prevent inadvertent writing to the 
device during power-up, power- 
down or any unexpected condition, 
Xicor’s 256K E2PROMs include Soft- 
ware Data Protection — pioneered 
by Xicor. This JEDEC-approved fea- 
ture eliminates the need for external 
hardware protection. 
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Back your designs with 
Xicor. Our CMOS and NMOS 
E2PROMs score extra points for 
design freedom, too. They’re 
volume-manufactured in JEDEC- 
approved 28-pin DIPs, and 32- 
lead LCC or PLCC configurations 

for surface mounting. Plus they 
come in commercial, industrial and 
military temperature ranges. And 
we back them with onsite technical 
design support. 

So if you’re adding up the price 
and performance of 256K E7PROMs, 
check with Xicor. We're the only 
supplier who can help you settle 
the score — in both CMOS and 
NMOS. Call (408) 432-8888 today, 
or write: Xicor, Inc., 851 Buckeye 
Court, Milpitas, CA 95035. 
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XILINX DEFIES 
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IF 
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Convention says that gate 
arrays often take months to 
develop. : 

Convention says that TTL 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it’s time you flaunted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them night at your 
desktop. 


Time to Market 


) 10 
| | 


Verification Prototyping 


Gate Array 


Programmable 
Gate Array 


Cut up to 15 weeks from your design schedule, Because Xilinx 
Programmable Gate Arrays mean no waiting, and no risk. 


Any way you look at it—speed, 
density or price—Xilinxs Program- 
mable Gate Arrays make conven- 
tional logic design seem prehistoric 
by comparison. 


Evaluation 


Xilinx Programmable Gate 


Arrays cut months off your devel- 


opment cycle and replace boards 


full of TTL and PLDs. 


You don’t worry about NRE, 


because there isn't any. 


You work with a proven stan- 
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

[fall this sounds too 
good to be true, consider 
the evidence: 

Design engineers are 
using more than 2,500 
of our development 
systems. And this year 
theyll create more than 
10,000 designs, guided 
by Xilinx’s comprehensive design 
tools and complete technical 
support. 

Production benefits are well 
proven: We've already shipped 
more than a sc 
million fully 
tested parts. 

So if youre 
tired of working 
the conventional 


Programmable design cuts your expenses, not 
your options. Xilinx offers you a broad range of 
Logic Cell™ Arrays for every application. 
way, take a look at Xilinx’s Pro- 
grammable Gate Array. Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call (408) 559-7778. Or 
contact your local Xilinx distrib- 
utor, rep, or sales office and ask 
for a COpy. 

It defies conventional logic. 
But it makes perfect sense. 


>~ XILINX 


The Programmable Gate Array Company~ 
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a+5V Supply Voltage Analog Switch? 
.... hey Exist Here! 


Teledyne Semiconductor's TSC44X precision CMOS analog switch family sets the standard in low supply voltage 
switch technology. Sharing the same 5V or +5V power supply levels modern CMOS data converters and operational 
amplifiers need, your designs now benefit from low 10 pA switch leakage current, 95 ohm “ON” resistance, and 1.5mW 
power dissipation. Single supply operation from 3 to 18V for battery powered systems. Full microprocessor 
compatibility too! 


Switch architectures cover all your application needs from quad SPST to dual SPDT. Normally closed, open and mixed 
versions. The innovative TSC444 SPDT switch features a neutral, switch “OFF” position. On chip latches eliminate 
external components in w-processor controlled systems. Disable latches for transparent operation. Standardize on the 
TSC44X family for your job today and tomorrow's breakthrough. 


Pin compatible with many old, high supply voltage only parts like the DG221 and AD7590/1/2. Available in DIP or “SO” 
surface mount technology. Call or write for full information, design help and data sheets. Samples available now. 


All devices are backed by Teledyne’s reputation for quality, service and support - a reputation earned through 25 
leadership years in the semiconductor industry. 


+5 VOLT POWER 
TSC445* TSC441* TSC444* 


1-800-888-9966 
415-968-9241 


1300 Terra Bella Avenue 
Mountain View, CA 94039 
TWX: 910-379-6494 

FAX: 415-967-1590 


*All Configurations Available “TELEDYNE 
Circle 7 for Literature Circle 8 for Direct Factory Contact | SEMICONDUCTOR 


Tom Ormond, Senior Editor 


When the 1988 edition of Wescon opens for a 3-day 
run at the Anaheim, CA, Convention Center on No- 
vember 15 through 17, it will spotlight the latest in 
electronics technology. The 36-session professional pro- 
gram will address such topics as advanced logic, gal- 
lium arsenide (GaAs) technology, application-specific 
integrated circuits (ASICs), programmable logic de- 
vices, and testability considerations. The program will 
also touch on neural networks. 

This year, the Wescon program is organized into 
tracks—topically related sessions—so that attendees 
can devote a specific block of time to subjects that 
particularly interest them. Heading the list of tracks 
is a group of sessions on designing with today’s high- 
performance devices. 


A logical place to start 

ECL has long been the primary driving force in 
high-speed, high-performance systems, and device 
manufacturers have had to make significant improve- 
ments in packaging and process technology to keep 
pace with the demands for higher system throughput. 
The four papers in Session 11 will highlight some of 
the new ECL product introductions and illustrate how 
these products address today’s system needs. The pres- 
entations will discuss the crossing of the TTL-ECL 
boundary, how BiCMOS fits into an ECL design, and 
how to apply ECL in automatic test equipment sys- 
tems. Papers will illustrate how designers can couple 
the new technologies with innovative circuitry to build 
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economical systems with highly improved performance 
levels. 

ECL is no longer the only technology to consider 
when it comes to high speed. Advanced CMOS logic 
(ACL) also offers high speed performance and provides 
one additional and very significant benefit—low power | 
consumption. For designers striving to learn how to 
fully realize the benefits of ACL, Session 2 will prove 
most helpful. Papers in this session will address topics 
such as compatibility and system-level, analog, and 
thermal considerations. 

For years, GaAs IC manufacturers have trumpeted 
the advantages of using their technology. Today, de- 
signers are finally thinking about GaAs as a viable 
way to solve the needs of high-performance systems. 
The papers in Session 28 will go over the problems 
designers have experienced in trying to use off-the- 
shelf GaAs devices in their system designs. 

The papers in Session 32 will look at the GaAs ASIC 
situation. Discussions will cover a communication- 
system crosspoint switch design, the application of 
GaAs logic in frequency-measurement applications, and 
the use of ASIC design techniques to verify a multi- 
plexer/demultiplexer system. 


But wait—there’s more on ASICs 


ASICs will garner center-stage attention in two 
other sessions. Session 4, for example, will highlight 
techniques for successful system design using the de- 
vices. The papers will present some specific design 
methodologies that reduce the risk of using ASICs to 
implement systems. Presentations will stress the point 
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WESCON/88 TECHNICAL-SESSION PROGRAM AT THE ANAHEIM HILTON HOTEL 


THURSDAY, NOVEMBER 17 


TUESDAY, NOVEMBER 15 


WEDNESDAY, NOVEMBER 16 


70 


CALIFORNIA BALLROOM 


A 
| (1) 
9:00 AM | ADVANCED FLOATING 
TO POINT SOLUTIONS 
11:00 AM FOR 32-BIT 
MICROPROCESSORS 
(5) 
MEMORY 
12:00 PM MANAGEMENT 
TO SCHEMES FOR 
2:00 PM | TODAY’S COMPLEX 
| COMPUTER 
ARCHITECTURES 
(10) 
SYSTEM DESIGN 
| a PM | FLEXIBILITY OFFERED 
ene BY FLASH 
:00 EPROM/EEPROM 
(14) 
9:00 AM | DESIGN TECHNIQUES 
TO FOR INNOVATIVE PLD 
11:00 AM | ARCHITECTURES 
(17) 
PROGRAMMABLE 
12:00 PM | LOGIC TESTABILITY— 
TO THE DESIGN IS 
2:00 PM | DONE...NOW WILL 
IT WORK IN 
PRODUCTION? 
(22) 
3:00 PM | SPECIAL-PURPOSE 
TO PROGRAMMABLE 
5:00 PM _| LOGIC DEVICES AND 
THEIR APPLICATIONS 
|... | MEETING THE NEEDS 
oe OF THE EE 
jroo am | PROFESSION 
(30) 
: BUSINESS ISSUES 
FOR THE YOUNG 
12:00 PM | HIGH-TECHNOLOGY 
oO COMPANY 
2:00 PM 
. (34) — 
3:00 PM. SYNERGISTIC 
oD MARKETING 
5:00 PM 


(2) 
SYSTEM LEVEL 
DESIGN SUCCESS 
WITH ADVANCED 
CMOS LOGIC 


(6) 
ADVANCED ECL— 
GENESIS OF A 
NEW ERA IN 
PERFORMANCE 


(11) 
EMITTER COUPLED 


LOGIC (ECL)—SYSTEM 


SOLUTIONS FOR 
HIGH PERFORMANCE 
SYSTEMS 


(15) 
MODERN 
PROGRAMMABLE 
STATE MACHINES 


(18) 


HIGH SPEED/HIGHLY 
INTEGRATED 
MICROCONTROLLERS 
AND THEIR 
APPLICATIONS 
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that first-pass ASIC success requires development 
tools that coordinate the ASIC-design and the system- 
design specifications. 

The ASIC industry is moving to expand the capabili- 
ties available to customers. The commercialization of 
compilation techniques that enable customers to aug- 
ment (directly or indirectly) ASIC libraries epitomizes 
this movement. More comprehensive customer/vendor 
interaction is the key ingredient. 

Participants in the panel discussion of Session 8 will 
debate key issues associated with the value of module 
compilation for ASIC designers and whether module 
compilation’s time has come. Panelists will also address 
the question of whether module compilation/customer 
specific cells are the responsibility of the vendor or the 
customer. Discussions will also center on the level of 
sophistication necessary to effectively use module com- 
pilation. The key here is responsibility—should cell 
development be in the hands of the customer, the ven- 
dor, or a combination of both? 


A look at the PLD picture 


Today’s programmable logic device (PLD) architec- 
tures offer designers more flexibility and integration 
capability than ever before. To take advantage of these 
architectures, however, users must fully understand 
correct design techniques. The papers in Session 14 
will focus on such techniques by walking through the 
implementation of applications examples for several 


Transportation and show details 


The Wescon/88 conference and exhibition will 
take place on Tuesday, November 15 through 
Thursday, November 17 at the Anaheim Conven- 
tion Center in Anaheim, CA. General admission 
is $10 at the door; the fee covers exhibits, techni- 
cal sessions, and admission to the film theater for 
the three days. 

Registrants coming from the San Diego and 
Santa Barbara areas are encouraged to ride Am- 
trak to the show; free shuttle buses will transport 
train passengers to the Convention Center. Free 
shuttles will also run between the Anaheim Con- 
vention Center and many of the major local ho- 
tels. For more information, contact Electronic 
Convention Management, 8110 Airport Blvd, Los 
Angeles, CA 90045. Phone (213) 772-2965. 
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architecturally innovative PLDs. 

As the technology matures, so too does the level of 
PLD specialization. Papers in Session 22 will illustrate 
some of these specialized devices (for example, a pro- 
grammable BUS interface) along with some target ap- 
plications—a solution for asynchronous designs and a 
programmable PS/2 interface. 


But will it work in production? 


Any discussion of PLDs would be incomplete without 
considering the testing question. PLDs are finding 
their way into more design starts today. This popular- 
ity raises testability issues that were not even consid- 
ered when PLDs were sparingly used as glue-logic 
chips. The papers in Session 17 will illustrate that 
reliable PLD implementation is possible only if testabil- 
ity questions are addressed throughout the design and 
production cycles. 

Design for testability (DFT) is quickly becoming a 
critical component in the product design cycle. The 
increase in test costs and the use of new packaging 
techniques have increased the importance of including 
self-testing capabilities in today’s system designs. De- 
signers can now use emerging test-bus standards to 
ensure interoperability at board or system levels. 

Papers in Session 13 will illustrate several ap- 
proaches to DFT and discuss the new JTAG/IEE 
P1149.1 serial test bus. Coverage will include boundary 
scan technologies from the standards and user’s point 
of view, along with the viability of merging BIST 
(built-in self test) and boundary scan at the IC level. 


Closing with a final thought 


On Wednesday afternoon, November 16, Session 21 
will describe potential applications of neural networks 
via five short talks and a panel discussion, where ques- 
tions from attendees will be answered. After a short 
review of the neural network concept and the kinds 
of problems such networks are best equipped to solve, 
presentators will cover four application aspects— 
electronic neural networks, optical neural networks, 
neural networks in signal processing, and neural net- 
works in defense programs. The neural field is pro- 
gressing rapidly, and most of the presentations will 


highlight very recent advances. EDN 
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For optocouplers, some of the world’s toughest 
customers find 100 ppm an acceptable defect rate. 


©1988 Quality Technologies Corporation 
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We Don't. 


CIRCLE NO 193 


A lot of those tough customers are 
ours. Although they haven't insisted 
on it yet, we've cut our coupler defect 
rate to well below 50 ppm. And far 
from being satisfied with that level, 
were working to reduce it even more. 
Just one example of how we strive to 
make all our products — from LED 
lamps and displays to optocouplers 
and light bars —just a little bit better 
than we have to. Why? Our name 
says it all. Quality Technologies. 

(800) LED-OPTO. 


QUALITY 
TECHNOLOGIES 


Quality is always the answer. 


Visit Us at WESCON, Booth 2263 
EDN November 10, 1988 
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Instrument combines 48-channel LA, 100- MHz 
DSO, and stimulus generator 


The Omnilab 9240 is a combination 
digital-storage oscilloscope (DSO), 
logic analyzer (LA), and digital 
stimulus generator that comes in an 
attaché-case-sized enclosure. Un- 


like separate instruments, the DSO. 


and LA are designed to work in tan- 
dem. An IBM PC, PC/XT, or com- 
patible computer hosts the unit. 

In combination with a feature 
named Multiview, the Select trig- 
ger system allows you to observe 
time-correlated analog and digital 
displays. Select combines the fea- 
tures of scope and logic-analyzer 
triggering. You can qualify the trig- 
ger conditions by using the truth 
tables stored in RAM or by pro- 
gramming minimum and maximum 
time delays. In addition to letting 
you see time-correlated displays, 
Multiview lets you watch digital 


data alone, analog data alone, or 
both analog and digital displays rep- 
resenting separate time intervals. 
Continuous sampling in con- 
juntion with flexible triggering per- 
mits the unit to capture and display 
every occurrence of infrequent 
events, such as missing pulses, 


metastable states, noise glitches, 
and bus contentions. From $8900. 
Orion Instruments, 702 Mar- 
shall St, Redwood City, CA 94063. 
Phone (415) 361-8883. TLX 530942. 
FAX 415-361-8970. Booth Nos 3372, 
3374. 
Circle No 635 


DSP development tool 
is nonintrusive to target system 


Designed specifically for digital sig- 
nal processing (DSP) systems, the 
Model E-2382-DSP-10 emulator is 
nonintrusive to the target system. 
It features an easy-to-use user in- 
terface and completely emulates the 
target system without missing any- 
thing. 

Under interactive control, the E- 
232-DSP-10 emulates all functions 
of TI’s TMS320C10 family of DSP 
microcontrollers without restric- 
tions of any sort. It offers sophisti- 
cated event definitions, which can 
be used as breakpoints or trace con- 
trols. Three simultaneous sets of 
events are defined in terms of any 
or all of the following parmeters in 
any combination—addresses, data 
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patterns, CPU operations, and ex- 
ternal inputs. In addition, two 16- 
bit pass counters allow you to count 
and/or delay events. An 8-level 
hardware sequencer can sequen- 
tially trigger to, from, or between 
any breakpoint event sets or pass- 
counter values. Still other break- 
points can be triggered in the event 


of a trace-full condition, a watchdog 
timer out, or an illegal op code 
fetch. 

Other features include in-line 
symbolic assemblers and disassem- 
blers, two banks of 4k overlay pro- 
gram memory for virtual memory 
operation, an 8-channel user-logic 
state analyzer, and performance- 
analysis hardware and software. 
that allows the target-system de- 
signer to evaluate the target code’s 
efficiency with both tabular and 
graphic displays. $5995. 

Signum Systems Inc, 1820 14th 
St, Santa Monica, CA 90404. 
Phone (213) 450-6096. Booth No 
3142. 

Circle No 639 
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12-bit A/D converter features 
on-board sample /hold circuitry 


The AD6010 12-bit successive-ap- 
proximation A/D converter comes 
complete with internal sample/hold 
circuitry, a clock, and a reference. 
The conversion time is 4 psec and 
can be short-cycled to 2.8 psec. The 
converter features five user-se- 
lectable input ranges—0 to 5V, 0 
to 10V, +2.5V, +5V, and +10V. 
Data is available in parallel or se- 
rial format complete with corre- 
sponding clock and status signals. 
The gain and offset can be exter- 
nally trimmed -to zero to provide a 
full-scale accuracy of +0.012%+'% 
LSB. Digital input and output sig- 


ADC6010 


Advanced Analog 


nals are DTL/TTL compatible. The 
power consumption is 1.2W typ. 
The 6010 is housed in a hermeti- 
cally sealed 32-pin DIP and is avail- 
able in three operating range 
grades: 0 to 70°C, —25 to +85°C, 
and —55 to +125°C. The 6010C, 


which is specified over the —55 to 
+ 125°C operating range, has a 
linearity drift spec of +2 ppm/°C 
max. A military version is also 
available, which is fully screened 
and tested to MIL-STD-883 Rev C 
Level B requirements. $186 (100) 
for the —25 to +85°C version. De- 
livery, stock to nine weeks ARO. 
Advanced Analog, 2270 Martin 
Ave, Santa Clara, CA 95050. 
Phone (408) 988-4930. TWX 910- 
338-2213. FAX 408-988-2702. Booth 
No 1708. 
Circle No 637 


Bipolar operational power supply 
provides over a dozen functions 


The BOS/S can function as a de 
power supply, an electronic load, a 
voltage source, a power pulse gen- 
erator, a current source, a power 
function generator, a direct-coupled 
amplifier, a variable gain amplifier, 
a fast-slewing power supply, a de 
amplifier, an ac power supply, a dif- 
ferential amplifier, and a signal- 
invertering amplifier. The current 
or voltage output is controlled via 
a front-panel mode switch. 

Control can be internal or exter- 
nal. A 10-turn potentiometer con- 
trols the output over the maximum 
—V to +V range. An external 
+10V source provides identical ex- 
ternal control. An optional digital 
control board allows you to program 
most of the unit’s functions via the 
IEEE-488 bus or a parallel data- 
transfer bus. 

The talk and listen functions have 
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12-bit resolution. The voltage and 
current regulation are 0.005%, and 
the TC is 0.01%/°C in the voltage 
mode and 0.03%/°C in the current 
mode. The rms ripple equals 3 mV 
in the voltage mode and 0.05% in 
the current mode. Voltage and cur- 
rent output changes over eight 
hours are 0.02 and 0.03%, respec- 
tively. Standard features include 


adjustable output limiting, indica- 
tions of mode and remote operation, 
and analog or digital voltage and 
current meters. $1095 to $1995. De- 
livery, stock to eight weeks ARO. 
Electronic Measurements Inc, 
405 Essex Rd, Neptune, NJ 07753. 
Phone (201) 922-9300. Booth Nos 
3369, 3371. 
Circle No 636 
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T in > SAE Stanford Applied Engineering 


COMMERGIAL MILITARY 
BACKPLANES BACKPLANES 


CONNECTORS 


PCB's, 
COMMERCIAL 
MILITARY 


CARD CAGE 
AND 
ACCESSORIES 


ENGINEERED 
ASSEMBLIES 


ASSEMBLY, 
ELECTRICAL 
MECHANICAL 


i 25 years OEMs have selected SAE to manufacture their backplanes, PCBs, 
connectors, and card cages. Now they are using us as their manufacturing 
partner. We take total responsibility to design, fabricate, test and deliver a 
complete “engineered assembly.” This allows the OEM to concentrate all their 
time and monies on marketing and developing new products — not on new and 
expanded manufacturing facilities and personnel. 


Here's why our customers think of us for all phases of their OEM products: 


m Engineered Assemblies backplane, wire wrap, card cage, connectors, PCBs, 
wiring, filters, power supplies, fans, mounting hardware, peripherals, and 
accessories; complete design, fab and test — ready for your functional test. 


Military MIL-28859/28754 backplanes, NAFI headers; PCBs to MIL-P-55110D. 


Commercial VMEbus, VERSAbus, S-100, DEC, STD, Multibus backplanes; 
PCBs, OPL to 16 layers, UL to 4 mils. 


Assembly and Test components, wiring and system. 


Connectors commercial and military. 

Filters EMI/RFI, emission test lab. 

Magnetic Components transformers, modules and filters. 
Card Cages custom, kits, and accessories. 


Wire Wrap semi and automatic, numerous formats and test. 
Call, write or FAX for our “engineered assembly” brochure and your local 


representative/distributor ... Think SAE! 


es ae 
Stanford Applied Engineering 
3520 De La Cruz Blvd., Santa Clara, California 95054 « Ph:(408) 988-0700 e Fax: (408) 727-6438 
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Single-board computer 
designed for G-64 bus applications 


Designed to interface with the G-64 
bus, the MPL-4079 single-board 
computer features an all-CMOS de- 
sign built around the 68HC000 uP. 
The 4x6-in. Euroboard incorpo- 
rates two serial ports, a 4-channel 
A/D converter, parallel I/O, a clock, 
EPROM, and _ battery-backed 
RAM. 

The CPU and memory available 
on board are sufficient to handle 
most applications running under the 
OS-9 operating system. Drivers are 
available for all the peripherals, as 
are full facilities for symbolic debug- 
ging and program down-loading 
through the serial port. Users can 
-also develop programs under the 
MTX multitasking kernel, and a de- 
bugger is available for programs 
written in Pascal. 

A 4-channel, 8-bit A/D converter 
with a 40-ywsec conversion time al- 
lows the MPL-4079 to fully support 
industrial real-time applications. 


There are 20 parallel I/O lines avail- 
able for logic level inputs and two 
RS-232C serial ports for communi- 
cations. The baud rates are pro- 
grammable. 

The MPL-4079 is also equipped 
with useful local peripherals, such 
a power-failure detector, a watch- 
dog timer, two 16-bit timers, and 


a battery-backed real-time clock 
complete with calendar. The board 
requires 5V and draws 70 mA. 
$795. 

Gespac Inc, 50 W Hoover Ave, 
Mesa, AZ 85202. Phone (602) 962- 
5559. FAX 602-962-5750. Booth No 
1129. 

Circle No 638 


Half-flash A/D converter 
handles 20V /psec slew rates 


Featuring on-chip sample-and-hold 
circuitry, the 8-bit LTC1099 half- 
flash A/D converter has a 2.5-ysec 
conversion time and can handle 
slew rates of 20V/ysec. The total 
unadjusted error is +1 LSB. 

The converter requires few ex- 
ternal components for operation: 
All timing circuitry for the 1099 is 
internal and edge-sensitive, elimi- 
nating the need for external pulse- 
shaping and -timing circuitry. The 
data outputs are latched with 3- 
state control to permit easy inter- 
face to a wP data bus or an I/O port. 
Two modes of operation—Read and 
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Write-Read—also simplify »P in- 
terfacing. 

The LTC1099 features an over- 
flow output, allowing it to be cas- 
caded for higher resolution sys- 
tems. There is also a stand-alone 
mode for applications that do not 


involve a wP. The converter re- 
quires no user trimming and oper- 
ates from a 5V supply. The analog 
and reference inputs have a —0.3 
to Vcc + 0.3V range; the digital in- 
put range is —0.38 to +12V. Power 
dissipation equals 75 mW max. The 
converter is available in plastic or 
ceramic DIPs, as well as a surface 
mount package. $8.25 for a unit in 
a plastic DIP. 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-7487. FAX 
408-434-0507. Booth No 3800. 

Circle No 642 
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60 years 
of innovation 
and we're still 
not sitting on 
our rockers. 


We took our stylish Curvette® switch and 
ran with it. Creating several options to meet 
your design criteria. Mini Curvette for 
premium space applications. High inrush 
Curvette SC to handle powerful surges. The 
ingenious two-color Visi-Rocker® to provide 
status indication. And a Visi- Rocker mag- 
netic circuit breaker to complement contem- 
porary panel design. All engineered with 
quality standards to ensure performance 
reliability. Available from our worldwide 
sales organization and national distributor 
network. 1-800-243-8556. Carlingswitch, 
Inc., Plainville, Connecticut. 
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INNOVATION BY DESIGN 


EDN November 10, 1988 CIRCLE NO 195 169 


Touch-entry display modules 
offer canned-message capability 


The model 4284-XX display module 
combines a 12-line by 40-character 
de gas plasma display with an infra- 
red touchscreen. The 16k lithium- 
battery-backed memory provides as 
many as 127 canned messages. 

The touch-input infrared switch 
matrix provides 240 active switch 
locations. The switch matrix uses 
optical technology, which enhances 
display appearance. Proprietary 
techniques help to prevent ambient 
light from affecting the optical 
switches. 

The 4284-XX’s display provides 
both upper and lower case letters 
and an expanded ASCII character 
- set that includes scientific and 
European characters in a 5X7 dot- 


matrix format. The characters are 
available in neon-orange or green 
and are software-dimmable to three 
levels of brightness. 

The module accepts and outputs 
RS-232C or RS-422 serial data at 
1200 or 9600 baud. It supports 
clear-to-send and data-terminal- 
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ready signals and can detect parity 
and rate errors in transmission. The 
module also features a set of 
jumper-initiated self-diagnostic 
tests to check the operation of all 
infrared light beams and to display 
brightness levels, signify the se- 
lected baud and parity rates, check 
the number of stored messages, and 
provide battery status. From $1198 
and $1329 for the neon-orange and 
green display modules, respec- 
tively. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. FAX 818-902- 
3723. Booth Nos 2254 to 2257. 
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12-bit, 4-quadrant CMOS D/A converter 


features on-chip output amplifier 


The monolithic AD7845 is a full 4- 
quadrant multiplying D/A con- 
verter that includes an on-chip am- 
plifier. Simple external connections 
let you configure the unit for either 
unipolar or bipolar operation as a 
programmable-gain amplifier 
(PGA) or as a programmable cur- 
rent souce. 

Three matched internal applica- 
tion resistors provide gain ranging 
and offsetting. TTL- or CMOS- 
compatible inputs drive the 12-bit 
latch controlled by standard CS and 
WR signals, thus making bus inter- 
facing simple through the use of di- 
rect unbuffered operation. 

Guaranteed to be monotonic over 
the full operating range, the 
AD7845 has a +1 LSB max differ- 
ential nonlinearity and a +2 mV 
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zero code offset error. The on-chip 
amplifier and feedback resistor per- 
form current-to-voltage conversion 


with an accuracy to within +1 LSB. 
Delivering a +10V swing into a 2- 
kQ load, the internally compen- 
sated amplifier settles to 0.01% of 
the full-scale range in under 5 psec. 
The full power bandwidth is 250 
kHz, and the unity-gain small- 
signal bandwidth is 600 kHz with a 
7-wsec slew rate. : 

The AD7845 operates from + 15V 
supplies and is available in three op- 
erating-range grades: 0 to 70°C (J 
and K grades), —25 to +85°C (A 
and B grades), and —55 to + 125°C 
(S and T grades). $7.40 (100) for 
J-grade versions. 

Analog Devices Inc, 804 Woburn 
St, Wilmington, MA 01887. Phone 
(617) 935-5565. TLX 924491. Booth 
Nos 3278 to 3283. 

Circle No 640 
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NOTHING THIS FAST EVER LOOKED SO GOOD 


Looking for a line thermal printer that’s fast 
and provides the highest resolution available? 
Take a good look at the LTP Series from Seiko 
Instruments. 

They're fast, printing from 200 to 400 
characters per second. That makes them perfect 


for applications such as medical instrumentation, 


point-of-sale systems, and test and measure- 
ment equipment. 

The LTP Series produces near- 
photographic print quality with 3 to 8 
dots per millimeter, so you can use 
them for high-resolution graphics 
and video printouts. We have dedi- 
cated interfaces for these printers 
with parallel, serial, and NTSC 
Composite Video input 
formats available. 

But, that’s not all. Seiko 
Instruments line thermal 
printers are renowned for 


their quiet-as-a-feather operation. Since the 
entire LIP Series is small and compact, requir- 
ing less power than the competition, they're 
ideal for mobile applications, and fit easily into 
your most space-saving designs. 

Finally, Seiko Instruments has a well-earned 
reputation for building in quality. With only one 
moving part, the platen, these printers have the 
highest reliability of any line thermal 
printers. 

We can make you look good with 
your next test, measurement or com- 

munications equipment design. Call 
seiko Instruments today at (213) 517- 
7770, and ask about the line 
thermal printers that are fast, 
easy to read, quiet and 
affordable. 


Seiko Instruments, USA, Inc. 
Electronic Components Division 
2990 West Lomita Blvd. 

Torrance, CA 90505 

(213) 517-7770 FAX (213) 517-7792 


Seiko Instruments 


Visit Us at WESCON Booth #s 1521, 1523, 1525 
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Stand-alone EPROM, EEPROM 


programmer requires no personality modules 


The EZ-Writer stand-alone multi- 
programmer supports all MOS and 
CMOS EPROMs and EEPROMs 
ranging to 1M bps and 40 pins with- 
out the need for personality mod- 
ules or adapters. Programming 1s 
done internally, and all required 
voltages and waveforms are gener- 
ated under software control. 

The EZ-Writer features nine 
function keys for direct command 
execution. Device operations in- 
clude Load, Program, Blank Check, 
Verify Device, Edit RAM Data, Fill 
RAM, Display Device Data, and 
Sumcheck RAM/Master. The unit 
also features two ZIF sockets—one 
to support 24- to 32-pin memory 
types and one for 40-pin EPROMs. 

Four operating modes are avail- 
able: stand-alone programming, in- 
cluding Data Editing using an inte- 
gral 25-position keyboard and a 40- 
character alphanumeric LCD; ter- 
minal remote-control mode, using 
the standard serial RS-232C; com- 
puter remote-control mode via the 
RS-232C and the five translation 
formats; and menu-driven opera- 
tion, using an optional PC-compat- 


ible software driver. 

The EZ-Writer offers three 
choices for selecting a device for 
programming: You can _ scroll 
through a menu of manufacturers 
and device numbers, directly enter 
the device code, or use an 
(E)EPROM electronic identifier. 
The device also features a nonvola- 
tile memory to save default parame- 


ters as well as power protection for 
chips in the ZIF sockets. From 
$975. 

Bytek Corp, 508 NW 77th St, 
Boca Raton, FL 33487. Phone 
(407) 994-3520. FAX 407-994-3615. 
Booth No 4003. 
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Personal-computer clock battery 


offers long life, low cost 


The Model 844 battery utilizes a 
4.5V, 1-Ahr alkaline system and can 
replace the lithium battery that 
comes with IBM PC/AT computers. 
These clock batteries maintain 
power to the clock chip when the 
computer is turned off. They also 
maintain the memory of the chip to 
prevent the loss of the computer’s 
system-configuration information. 
The 844 features a 4-pin termina- 
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tion that lets it directly replace the 
original lithium battery in most 


80286 and 80386 wP-based systems. 
Unlike the 6V OEM lithium batter- 
ies, the 844 employs no internal 
voltage-dropping resistors. Because 
of this difference, the 844 has an 
expected lifetime of two to four 
years. $18. 

Rayovac Corp, 601 Rayovac Dr, 
Madison, WI 53711. Phone (608) 
275-4912. Booth No 1496. 

Circle No 644 
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Applied Microsystems has raised 
speed limits on the best real-time, trans- 
parent emulation you can get. 

~ So now emulating faster moving 
targets is getting easier. 

But the powerful edge you get with 
Applied Microsystems is built on more 
than speed. Applied Microsystems pro- 
vides the most comprehensive solution in 
the industry. You get an easy user inter- 
face, full-width trace, multi-condition 
break points, cross triggering, source level 
debugging and 2 Mbytes of RAM overlay. 

Applied Microsystems emulators are 
controlled from the host you normally 
work on. Your target system runs exactly 
as if its microprocessor were in place. And 
you have the option of SCSI, the industry 
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68020 EMULATION 
NOW AT 25MHz 


standard high-speed bus that transfers - 
data at up to 1.5 Mbytes per second. 

Nobody offers more performance 
or a quicker way to develop and integrate 
everything from microcontroller designs 
to 8-, 16- and 32-bit systems. You can also 
expect the back-up you need from our 
international network of applications engj- 
neers who provide the support to meet 
your project objectives. 

For a demonstration, write Applied 
Microsystems Corporation, P.O. Box 
97002, Redmond, Washington USA 
98073-9702. Or call (800) 426-3925. 

In Washington, call (206) 882-2000. 


‘i 


Applied Microsystems Corporation 


In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, United Kingdom. Telephone 44-(0)-296-625462. FAX 44+0)-296-623460. 
In Japan, contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan. Telephone 03-493-0770. FAX 03-493-7270. 
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TD BUS FOR 
INDUSTRIAL CONTROL 


Cubit Model 8020 CPU Board— 
395 TO $445 
TWO 8-BIT 


PARALLEL PORTS 64180 MICROPROCESSOR 


TWO Z80 CODE COMPATIBLE 
RS-232 PORTS 
64K 
BATTERY BACKED 
RAM 


8-BIT, 
8-CHANNEL 
A/D CONVERTER 


32/64K 
EPROM 


DEBUG FIRMWARE 
LINKS TO PC 
FOR DEVELOPMENT 


BATTERY BACKED 
CLOCK-CALENDAR 


ALL CMOS 


INDUSTRIES 


190 South Whisman 
Mountain View, CA 94041-1577 
415) 962-8237 
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EL DISPLAY 


These display panels use dc elec- 
troluminescent technology to 
achieve high reliablility and long 
life. The use of de technology and 
proprietary drive circuitry elimi- 
nates the chance of catastrophic fail- 
ures. 

Two basic units are available, 
both with a 640 x 200-pixel matrix: 
the EL 1C-B000, which has a 2:1 
aspect ratio, and the 1C-A000, 
which has a 1.4:1 aspect ratio. The 
width of the total package, includ- 
ing the display and the drivers, is 
less than 0.6 in. 

Both display modules offer 
flicker-free imaging, high resolu- 
tion, wide viewing angles, and a 
uniform brightness. $800 for either 
configuration. 

Cherry Electrical Products, 
3600 Sunset Ave, Waukegan, IL 
60087. Phone (312) 360-3500. 
Booth Nos 1440 to 1448. 

Circle No 610 


NETWORK CABLES 


The 1223A and 1224A 750 coaxial 
cables are designed for manufactur- 
ing automated protocol (MAP) net- 
works. Both meet IEEE MAP re- 
quirements and are CL2X rated. 
Designed for drop applications 
from the cable trunk to individual 
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work stations, the 1223A cable fea- 
tures an 18 AWG solid copper- 
covered steel conductor and a black 
PVC jacket. The 1224A accommo- 
dates both trunk-cable and drop- 
cable applications and features a 14 
AWG conductor. 

Both cables employ a shield that 
consists of a double-layer of foil 
bonded to the dielectric core, fol- 
lowed by an aluminum-braid shield 
and then an overall copolymer my- 
lar foil. The outer foil has a shorting 
fold, which provides metal-to-metal 
contact for maximum shield effec- 
tiveness. Both cables are available 
in 1000-ft put-ups. $220.65 and 
$377.25 for the 1223A and 1224A, 
respectively. 

Belden Wire and Cable, Box 
1980, Richmond, IN 47375. Phone 
(800) 235-3364. Booth Nos 2455 to 
2463. 

Circle No 611 


RELAYS 


Photo-MOS relays employ state-of- 
the-art technology that incorpo- 
rates the advantages of both elec- 
tromechanical and solid-state re- 
lays. They feature an optoelectronic 
element that directly drives a 
power MOSFET, thus eliminating 
the need for a power supply. The 
optoelectronic element converts re- 
ceived light to voltage to drive the 
power FET, allowing the FET to 
switch the load on and off. 

The relays can control loads of 
150 mA at a peak load voltage of 
400V. And, despite their small size 
(a 6-pin DIP measuring 
0.369 x 0.252 in.), the Photo-MOS 
relays feature a 1500V ac min input- 


to-output isolation rating. 

You can mount the relays in any 
position; and, since they are unaf- 
fected by magnetic fields, they are 
compatible with applications involv- 
ing high packing densities. Photo- 
MOS relays are available in tube 
packaging to accommodate auto- 
matic insertion equipment needs. 
From $4.50 (500). Delivery, eight 
to 12 weeks ARO. 

Aromat Corp, 629 Central Ave, 


_ New Providence, NJ 07974. Phone 


(201) 464-3550. Booth Nos 1544 to 
1548. 
Circle No 612 


TEST SYSTEM 


Covering a 20-Hz to 13800-MHz fre- 
quency range, the EP-6 EMI test 
system conforms to the latest re- 
quirements of MIL-STD 461/462, 
FCC, and VDE. It uses crystal- 
based synthesized receivers rather 
than spectrum analyzers to meet 
the exacting VDE receiver specifi- 
cations. 

The EP-6 features menu-driven 
soft keys for ease of operation, 
audio and visual interference identi- 
fication, color-monitor capability for 
display clarity, a printer, and a plot- 
ter for historical records. 

Measurements are presented in 
direct physical units—there’s no 
need for antenna-factor or band- 
width conversions. Full IKEE-488 
capability is standard. The EP-6 is 
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backed by a full line of active and 
passive probes, antennas, and line- 
impedance stabilization networks. 
$82,000. Delivery, 12 weeks ARO. 
Rohde & Schwarz Inc, 4425 Ni- 
cole Dr, Lanham, MD 20706. 
Phone (301) 459-8800. TWX 510- 
223-0414. FAX 301-459-2810. Booth 
Nos 3138, 3140. 
Circle No 613 


RELAYS 

The CT2100 solid-state relay mod- 
ule is designed to interface a com- 
puter system to the outside world 
where hostile signal environments 
present an operational hazard to the 
electronic system. ) 

Designed for direct P access and 
control, the CT2100 features four 
independent solid-state relays. The 
isolation between the switches and 
between the control inputs is 
1500V, and an isolated status line 
indicates overcurrent trip or cur- 
rent flow. 

The relay switches are designed 
to withstand electromagnetic pulses 
and are self-protected for overcur- 
rent conditions. The module oper- 
ates from a 5V supply, and the 
switches can operate as high- or 
low-line drivers. The continuous 
current rating is 200 mA, the trip 
level is 2 to 3A, and the sense- 
current flow is 25 mA min. $1800. 
Delivery, 12 weeks ARO. 

Circuit Technology Inc, 160 
Smith St, Farmingdale, NY 11735. 
Phone (516) 293-8686. Booth Nos 
2292, 2294. 

Circle No 614 


SWITCH MODULE 


These switch modules integrate a 
custom IC driver and a low power 
LCD that utilizes super-twist tech- 
nology in the keycap of an spst, mo- 
mentary-contact switch. The high- 
contrast super-twist LCD consists 
of 864 pixels in a 24 x 36-pixel ma- 
trix and is enhanced by LED back- 
lighting for low ambient lighting 
conditions. 
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The LCD provides full-screen 
graphic displays. If used as a 5X7 
dot-matrix alphanumeric display, it 
provides three lines of as many as 
six characters per line. The % x ‘/- 
in. switch module is designed for 
through-the-panel pc-board mount- 


ing and requires only “4 in. behind - 


the panel-mounting area. 

Designed to operate over a 0 to 
40°C range, these low contact- 
resistance (less than 19) switch 
modules have an average life of 
greater than 106 operations. $40.72 
(100). 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. FAX 818-902- 
3723. Booth Nos 2254 to 2257. 
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OSCILLOSCOPE 


The VP-5516A oscilloscope offers 
analog power with digital intelli- 
gence. The 100-MHz, 4-channel unit 
features a novel 3-dimensional 
video display that is well-suited for 
the analysis of complicated wave- 
forms. 

Other major features include 23 
types of digital readout functions 
that display measured values and 
measurement conditions, 1-step 
rise- and fall-time calculations, a 
yes/no decision function for screen- 
ing input signals, and a one-touch 
repeat-measurement capability. 

A labeling function (full alphanu- 
meric plus symbols) allows you to 
mark the waveforms with data, lo- 
cation, and comments. Six cursor 
lines and two cursor symbols pro- 
vide as many as 10 types of wave- 


form measurements. The simple 
menu operation saves time and en- 
hances accuracy, and an auto-rang- 
ing function optimizes the wave- 
form size for best viewing. $2195. 
Delivery, stock to six weeks ARO. 
Panasonic Industrial Co, 50 
Meadowlands Parkway, Secau- 
cus, NJ 07094. Phone (201) 348- 

7000. Booth Nos 3548, 3550. 
Circle No 616 


RECEIVER 


The OM-PCB timing receiver is ac- 
curate to within 0.001 sec. You can 
configure the single-board unit for 
most any application requiring 
either UTC traceable time or time 
synchronization between widely 
separated sites. 

Unlike some OEM-type receiv- 
ers, the OM-PCB integrates di- 
rectly into your equipment and pro- 
vides a precise reference at any lo- 
cation in the world. Designed to re- 
ceive and process the very low fre- 
quency signals broadcast from the 
global network of navigational 
transmitters, the unit can provide 
time outputs in a wide range of for- 
mats. 

By incorporating a wP controller 
and receiver/decoder design, both 
the size (less than 81 in.2) and the 
power consumption (less than 200 
mW) of the OM-PCB are kept to a 
minimum. $1300. 

Kinemetrics/Truetime, 3243 
Santa Rosa Ave, Santa Rosa, CA 
95407. Phone (707) 528-1230. TLX 
176687. FAX 707-527-6640. Booth 
No 3360. 
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HP humbly introduces 
the highest performance 
multimeter in the world. 


~ 100,000 readings per second and Cal Lab accuracy. 


Lots of people claim they have the best a measurement and output to the bus 
multimeter, but we're just going to let the 200 to 300 times per second. 
specs do the talking. You'll see we've created ° Calibration standard accuracy and 
a multimeter that doesn't present you with 8¥2 digits. 
a bunch of trade-offs—you can have speed and ___‘To get complete technical specifications 
ACCUIaCcy. A before you order an HP 3458A DMM for your 


¢ 100,000 readings per second at 4%2 digit system, contact your local HP sales office. 
resolution. If you need 5¥2 digit resolution, 
you ll get it at 50,000 readings per second. 
_¢ Remarkable throughput rate— change 
a function and change a range, take © 1988 Hewlett-Packard Co. 0901707/EDN 


(7) packaro 
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ENDLESS POSSIBILITIES 


hes oe 


ENDLESS 
POSSIBILITIES 


With this simple fool, anyone 
can easily change a : 
Preh E.R.O.5S. (Easily 
Reconfigureable On Site) 
Keypad...,in an instant. 
Universal guide frames and 
key caps in single, double, 
triple and quad key configurations 
make key removal, relegending and 
reinstallation a “SNAP” 

A Preh patented leveling mecha- 
nism assures full, level travel and 
reliable actuation no matter 
how the key is struck. 
Actuation force is a mere 
2.1 ounces (0.6N) regara- 
less of key size and multi- 
ple keys can be used in either horizontal 
or vertical arrangements anywhere on 
the keypad. 

Preh E.R.O.S. Keypads are also com- 
pletely dustproof and waterproof’ for use 
in environmentally difficult applications 
such as public access, retail systems and 
manufacturing. A custom grid and overlay 
turns the E.R.O.S. Keypad into 
a sealed, flat unit with full- 
travel keys...available 
only from Pren. 

Call 312/438-4000 
(FAX 312/438-5522) 
and ask about the entire 
series of keypads and 
keyboards from Pren... 
for Endless Possibilities. 


*Per IP-65 (DIN Standard 40050) 


Al 


Preh Electronic Industries, Inc. 


A subsidiary of Preh Werke, West German 
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POWER SUPPLY 


These dedicated 200W power sup- 
plies are designed for systems util- 
izing VME bus architectures. The 
devices feature a TTL-compatible 
open-collector signal that verifies 
in-spec performance within 500 
msec after turn-on. 

Remote control is accomplished 
by using a 2.4V de TTL signal as 
the Enable and an open-collector 
signal as the Disable. Three outputs 
(SV, +12V) are standard, and the 
calculated MTBF is 50,000 hrs. The 
supplies comply with DIN-41494 for 
Eurocard packaging as well as the 
stringent safety and EMI require- 
ments imposed by UL, CSA, and 
TUV (VDE). 

The supplies interface with the 
VME bus via a direct plug-in con- 
nection. Standard supplies accom- 
modate most applications, but the 
units can be easily factory custom- 
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ized to comply with special system 
conditions. $277 (1000). 

NCR Corp, 3200 Lake Emma 
Rd, Lake Mary, FL 32746. Phone 
(407) 323-9250. Booth Nos 2815, 
2816. 
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LIMIT SWITCHES 


Series 39 miniature limit switches 
include a plunger seal, which pre- 
vents contact contamination when 
operating in harsh environments. 
The switches are available in spst 
NO (89-701) and spst NC (89-702) 
contact configurations. 

The overall length of Series 39 
switches is less than 1 in., and the 
diameter, including the mounting 
nuts, is less than 0.5 in. The fully 
threaded switch body allows users 
to accurately adjust the operating 
point. The 39-701 switches 150 mA 
at 5V de; the 39-702 switches 250 
mA at 115V ace. 

For resistive loads, both versions 
have a 100,000-operation lifetime. 
The contact resistance measures 25 
mQ max on a new switch, and the 
actuating force is 12+4 oz for NO 
models and 8+4 oz for NC models. 
$4.43 (100) for the 39-701; $5.10 for 
the 39-702. 

Grayhill Inc, Box 10373, La- 
Grange, IL 60525. Phone (312) 354- 
1040. TLX 6871375. FAX 312-354- 
2820. Booth Nos 2032, 2034. 
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BACKPLANES 

J1/J2 VME Bus backplanes combine 
the J1 and J2 sections into a 1-piece 
construction to provide a more sta- 
ble ground reference for 32-bit ap- 


HIGH PROGRAMMING 
YIELDS 


(LOGIC) 


LOW PROGRAMMING 
COSTS 


PC-Remote 
Programmers 


e All EPROM’s up to 40 pin! 
e P27512.....7 seconds per device! 
e No limit on RAM size! 


Our Programmer range includes: 


3000 PC based to megabit EPROMs 
4000 Gang ERPROM/EEPROM Copiers 
5000 Editing/Remote Set EPROM 

1011 Bipolar PLD (logic) 

1012 Bipolar PROM/EPROM 

1013 Set/Gang EPROM (up to 8 x 32 pin) 
1014 EPLD & CMOS PLD 

1015 Set/Gang EPROM (up to 8 x 40 pin) 
& Elan’s Universe 1000 (full universal) 
(World’s 1st Intel flash EPROM approval) 


Options cover single chip micros, PLCC, 
IBM/VAX remote and Elan Logic compilers. 


Ask for our Demo disks. 


In Europe: F (014) 8632828 
GB (0293) 510448 I (02) 6120041 
A (0222) 835646 I (02) 2440012 
B (02) 2416460 IRL (01) 501845 
CH (01) 7414644 NL (01720) 43221 
D_ (089) 780420 P (01) 549011 

E (01) 4054213 S (0589) 14111 


Elan Digital Systems 
2162 North Main Street, 
Walnut Creek, 

CA. 94596 

Tel: (415) 932-0882 
Tel: (800) 541-ELAN 


CIRCLE NO 89 


185 


electronica 
Munich 


hall 
8.- 12.11.88 _ 


Siemens, Hall 23, Position A4- 


Siemens rules the waves _ 2 


Surface-acoustic-wave expertise and technology from a leader in the field | 


SAW devices process signals and sta- = @ no tuning Our expertise comes from fF 
bilize frequencies from 20 MHz through @ excellent reproducibility 15 years of dedicated activit 

to several GHz. And SAWs from Siemens @ longterm stability cated CAD tools, perfected manufa 
give you unique features that are @ high reliability turing based on well over 100 millio 


unseen with any other technology, like @ small size SAW devices produced and contin: 
< uing vigorous R&D efforts are your 


@ precise amplitude response Siemens is an upfront producer with : 
~ @ steep filter skirts a broad spectrum of standard SAW Beara Oe performanc 
@ linear phase independent of devices plus custom designs on bee ioe oe ot DOS 
amplitude response quartz, lithium-niobate and lithium- evices 
@ low temperature drift tantalate substrates. Devices for com- 


mercial and professional applications: 


@ normal and low-loss bandpass filters 
@ vestigial-sideband filters 

@ timing-recovery filters 

@ resonators 

@ dispersive and nondispersive 
delay lines 


at ene 


net ner or PVP at Tver acheter or 


See us at 


CONDE Fall ‘88 


Booth 0103 


WE'RE KNOWN BY 
THE COMPANIES WE KEEP 


Leadership in this industry is earned. Interphase has earned the top position 
in controller technology for disk, tape and networking in the VMEbus and 
Multibus open systems markets. But don't take our word for it. Ask the 
people who use our products as part of their products—Silicon Graphics, 
Apollo, Siemens, FileNet Corporation, Convex, MIPS, Stellar—and that’s to 
name just a few of our more than 200 active customers. 


And if you really want to know what they think of us, consider this. While they 
all started buying only one product from us, most of our top customers NOW 
integrate several Interphase controllers into their systems. Some buy almost 
Our entire product line—surely the ultimate statement of customer satisfaction. 


Interphase leadership is rooted in our nearly 15 year heritage of consistently 

setting technology trends and performance benchmarks that others have 

followed. With Interphase as your technology partner, you gain a valuable 
member of the team that always keeps you... 


...A Step Ahead. 
fp INTERPHASE 


OPEN SYSTEMS CONTROLLERS 
Disk + Tape « Networking 


2925 Merrell Road « Dallas, Texas 75229 ¢ (214) 350-9000 « Telex: 9109976245 NASDAQ-NMS:INPH 


Interphase International 
93a New Street, Aylesbury, Bucks. * HP20 2NY, England (0296)435661 « Telex: 826715 AERO G 


Interphase is a registered trademark of Interphase Corporation. 
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plications. This construction also 
eliminates the potential for ground 
loops. 

Designed to meet revision C.1 of 
the VME Bus spec, the J1/J2 
backplane utilizes on-board termi- 
nation. The line includes 21-, 15-, 
10-, and 5-slot designs; and power 
terminals are available in three 
styles: power cubes, press-fit posts, 
and snap-on lugs. Press-fit DIN 
connectors come standard. 

J2 connector shrouds with latch- 
ing arms to firmly secure I/O ca- 
bling are available as an option. 
Four auxiliary power buses are in- 
cluded in the J2 area to handle mul- 
tiple power requirements in special 
VME Bus applications. $907.75 and 
$1200 for the 15- and 21-slot ver- 
sions, respectively. 

Augat Inc, Box 779, Attleboro, 
MA 02703. Phone (508) 222-2202. 
TWX 710-391-0644. Booth Nos 2354 
to 2363. 

Circle No 620 


A/D CONVERTER 


The ADC-511 A/D converter pro- 
vides high-speed, 12-bit conversion 
with reduced power. The unit dissi- 
pates just 925 mW and needs only 
1 psec for the 12-bit-accurate con- 
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version process. 

Functionally complete, the ADC- 
511 contains an internal clock and 
an internal reference that can sup- 
ply 10V at 1.5 mA externally. All 
digital inputs and 3-state outputs 
are CMOS/TTL compatible. The 
output coding can be in straight bi- 
nary, offset binary, complementary 
binary, or complementary offset bi- 
nary. : 

A pin-programmable feature al- 
lows you to select inputs of 0 to 10V 
or +5V. Packaged in a 24-pin DIP, 
the ADC-511 requires +15V and 
5V supplies and is available in both 
commercial and military versions. 
$99 (1000). 

Datel Inc, 11 Cabot Blvd, Mans- 
field, MA 02048. Phone (508) 339- 
3000. TWX 710-346-1953. Booth 
Nos 3030 to 3034. 
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DISPLAY 


The SealTouch is a VT-220 compat- 
ible, NEMA 4 and 12 rated touch- 
screen terminal designed to with- 
stand harsh industrial environ- 
ments. The design encases a 9-in. 
electroluminescent flat-panel dis- 
play with infrared touch interaction 
in a completely sealed cast-alumi- 
num housing. 

To prevent contamination, the 
terminal employs no fans or filters. 
The solid-state display is inherently 
resistant to magnetic interference, 
shock, and vibration. VT-220, VT- 
100, and VT-52 emulations are all 


ABEL: 


THE 
UNIVERSAL 
CHOICE 
FOR PLD 

DESIGN. 


More design engineers choose 
ABEL™ Data |/O®’s high-level 
design software. Because this 
universal, industry-standard 
tool offers more PLD choices. 


UNIVERSAL DEVICE SUPPORT. 
ABEL supports virtually every 
PAL®, PLA, FPLA, EPLD, FPGA, 
and GAL™ on the market, includ- 
ing both simple and complex 
architectures. 


UNIVERSAL VENDOR COVERAGE. 
ABEL supports 100% of the semi- 
conductor manufacturers. 


UNIVERSAL INPUT METHODS. 
Describe your design in behavioral 
terms using high-level equations, 
truth tables, or state diagrams— 
whichever works best for the 
particular circuit. 


UNIVERSAL PLATFORM SUPPORT. 
ABEL runs on multiple hardware 
platforms including Sun, PC, 
Apollo, and VAX. 

To find out more, 
call today for our 
free PLD Develop- 
ment Kit. 


1-800-247-5700 
Ext. 322 


DATA I/O 


Corporation 
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standard; and the unit features 
easy, 1-finger programming set-up 
using menu screens. 

SealTouch’s display capabilities 
include 80-line x 25-character for- 
mat, line graphics, down-loadable 
fonts, pop-up touch menus, and full 
on-screen touch keyboards. The ter- 
minal can connect with RS-232C, 
RS-422, or RS-485 interfaces using 
multidrop protocols. A 20-mA cur- 
rent interface is optional. $3950. 

Digital Electronics Corp, 31047 
Genstar Rd, Hayward, CA 94544. 
Phone (415) 471-4700. TLX 172073. 
FAX 415-489-3500. Booth Nos 2175, 
2177. 
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IC SOCKETS 


MDS Series decoupling capacitor IC 
sockets feature molded-in copper 
circuits with committed voltage and 
ground terminals. These terminals 
are designed to provide highly reli- 
able electrical performance and 
thermal conductivity. 

Available in 14- through 20-pin 
standard DIP configurations, the 
MDS sockets feature a thermoplas- 
tic body material that carries a 94V- 
0 UL rating. The socket design also 
features a flush top to accommodate 
robotic pick-up (vacuum or me- 
chanical) equipment. The chip ca- 
pacitor, which is surface mounted 
within the socket body, is available 
in values of 0.1, 0.01, and 0.33 pF. 

The sockets are supplied with 
serew-machine terminals, which are 
100% antisolderwicking and avail- 
able in several plating versions. The 
sockets employ a 4-fingered contact 
design for high reliability and are 
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available in versions that have 
0.095-, 0.120-, and 0.165-in. above- 
the-board mounting heights. $2.09 
(100) for a 20-pin model. Delivery, 
stock to six weeks ARO. 
Advanced Interconnections, 5 
Energy Way, West Warwick, RI 
02893. Phone (401) 823-5200. FAX 
401-823-8723. Booth Nos 3189, 
3191. 
Circle No 623 


BATTERIES 


The B-35 pPowercell 2.8V lithium 
iodide cell resembles a standard 
‘iW resistor in size, shape, and 
packaging. Designed as a backup 
for CMOS RAM, its tape-and-reel 
packaging is compatible with auto- 
matic insertion equipment. 

Each B-85 cell has a 35 mAHr 
capacity rating and can deliver a full 
power output of 10 pA at 2V min 
at room temperature. As the RAM 
leakage current varies with the 
temperature, the cell tracks the 
variation and makes appropriate 
corrections. The total cell energy is 
available over the cell’s operational 
life. 

The cell features a true hermetic 
glass-to-metal insulator/seal and 
metal-to-metal case construction. 
The current limiting qualities of 
lithium iodide minimize outgassing, 
overheating, and venting problems 
in the event of electrical abuse, such 
as shorts, forced discharge, and 
overcharge. 

The operating range for the B-35 
cells extends from —55 to + 125°C. 
The units meet all MIL spec 883 


GATES: 


THE 
ADVANCED 
CHOICE FOR 

MULTIPLE 
PLD DESIGN. 


For complex PLD designs, 
choose GATES™ Logic Synthe- 
sizer, Data |/O®’s most advanced 
PLD design software. 


ADVANCED DEVICE INDEPENDENT 
SPECIFICATION. The behavioral 
design specification in GATES 
gives you more flexibility by 
deferring device selection and 
implementation until the end of 
the design process. 


ADVANCED INTERACTIVE 
ENVIRONMENT. GATES gives 
you immediate feedback during 
every step of the design process. 


ADVANCED LOGIC SYNTHESIS. 
Use GATES factoring to combine 
common terms, and use smaller 
gates, So you can take advantage 
of the feedback and multi-level 
logic capabilities of the latest 
devices. 


ADVANCED PARTITIONING 
AND DEVICE SELECTION. Design 
without concern for the size or 
number of devices needed 
Then, simply select 
a group of outputs 
to partition; GATES 
does the rest. 

To find out 
more, call today 
for our free PLD 
Development Kit. 


1-800-247-5700 
Ext. 323 
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Your Gne-Stop Source for... 


CLOCK 


OSCILIATORS 


TTL: 16 kHz- 100 MHz 
CMOS: 1 Hz- 15 MHz 
HCMOS: 1 Hz- 50MHz 
*ECL: 5 MHz- 500 MHz 
SINE:50 3Hz-1000 MHz 


*10K, 10KH, 100K and MECLIII 


Accuracy | +10, 15, 250r50 ppm 
(most models also 
available settable 
to +1 ppm via either 
internal or external 
variable capacitor) 

Stability 
Standard 0/+ 70°C: +25 ppm 
Option! | —55/+ 85°C:+50 ppm 
Option2 | —55/+ 125°C: + 50 ppm 
Option 5 0/+ 50°C:+ Sppm 
Option9 | —55/+ 200°C for down- 
hole instrumentation 


Call The 
Application 
Engineering 
Hot Line Today! 


. 


The Crystal Oscillator Company 


VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 
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requirements. From $3. 

Catalyst Research, 1421 
Clarkview Rd, Baltimore, MD 
21209. Phone (301) 296-7000. 
Booth No 3286. 
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TEST SOCKETS 


Available for both test and burn-in 
applications, these ZIF sockets are 
available in 24- to 48-pin sizes. De- 
pending on the plating/material 
specified, the contacts can with- 
stand temperatures as high as 105 
(tin over beryllium copper), 150 
(gold over beryllium copper), or 
200°C (NiB over CuNiSn spinodal 
alloy). 

The broad entry area allows you 
to test ICs with 0.3-, 0.4-, or 0.6-in. 
pin-to-pin centers in one socket. 
The contacts are designed to be nor- 
mally closed for consistent force. 
The plastic socket bodies carry a 
94V-0 UL rating. 

Additional specs include a 1092 
insulation resistance, a 1000V ac 
min dielectric withstanding voltage, 
a 1A current rating, and a minimum 
life of 50,000 cycles. The sockets 
mount on pc boards with 0.3- or 0.6- 
in. center hole patterns. $3.87 (100) 
for a 24-pin, tin-plated version. 

Aries Electronics Inc, Box 130, 
Frenchtown, NJ 08825. Phone 
(201) 996-6841. FAX 201-996-3891. 
Booth Nos 2189, 2191. 
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ment measurement is 
more accurate and 
economical with the 
DISPLACEMENT BorV Ne V5 ae 
our new family of AC and DC rotary 
position sensors. Both offer greater 
performance and application versatility 
than similar transducer types...and 
at lower cost. 


Measuring DISPLACEMENT, PRES- 
SURE, ACCELERATION, FORCE/ 
WEIGHT, SLOPE/TILT, or VELOCITY? 
For nearly half a century, we've dem- 
onstrated our commitment to sensor 
technology with products for a variety 
of measurement applications. 


For complete information on the RSYN 
or RVIT rotary position sensors, write 
Schaevitz, U.S. Route 1380 & Union 


Ave., Pennsauken, NJ 08110 or call 
our Hot Line: 609/662-8008. 


Grid Scale: 3/8" x 3/8" 


New LOW-COST 
High Accuracy 
Rotary Position 
Sensors, AC or 

DC Powered 


schaevitz 


: ‘Technology | 
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As a systems designer requiring low 
power switchers, it’s easy to get crushed 
between Marketing’s demands for reli- 
ability and Purchasing’s demands for 
standard product. Until now, reliable low 
power switching power supplies has 
been the proverbial contradiction 

in terms. 

Well, Power General has the SP series 
solution. These compact, cost effective 
supplies are available at 40, 50, 65, and 
80 watts. They utilize a forward con- 
verter topology, fixed frequency opera- 
tion, and surface mount technology to 
achieve performance features such as: 


> 90,000 hours MTBF 

Meet VDE, UL, CSA standards 
Indefinite output protection 
High efficiency operation 
Input VDE “B” line filters 
Small size 


Power General, utilizing the latest 
technology to provide complete, in- 
novative solutions to your power needs. 


FREE HANDBOOK! 
Call for your free 
1988 Power Supply 
Handbook 


Put 
Power General 
To Work For You! 


A SUBSIDIARY OF UNITRODE CORPORATION 


152 Will Drive, P.O. Box 189, Canton, MA 02021 
(617) 828-6216 TWX: 710-348-0200 
FAX: 617-828-3215 


ee as AE Eee 
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VOLTAGE REGULATOR 


Housed in an 8-pin plastic mini- 
DIP, the LT1072 synchronizable 
switching voltage regulator oper- 
ates over a 3 to 10V range and fea- 
tures an on-chip 1.25A switch. The 
internal design allows you to syn- 
chronize multiple regulators with a 
system clock in the 48- to 70-kHz 
range. 

The LT1072 uses an adaptive an- 
tisaturation switch drive to accom- 
modate a wide range of load cur- 
rents. The regulator operates in a 
variety of standard switching con- 
figurations, including buck, boost, 
flyback, forward, and inverting. To 
minimize application problems, the 
8-pin device includes all oscillator, 
control, and protection circuitry on 
chip. 

The chip also contains the cir- 
cuitry for developing a fully isolated 
flyback regulator—no optocouplers 
or extra transformer windings are 
needed. An externally activated 
shut-down circuit on the LT1072 
chip reduces the total supply cur- 
rent to 50 wA for standby opera- 
tion. $2.35 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-1900. FAX 
408-434-0507. Booth No 3800. 
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DSO/DMM 


The Model 200 portable digital stor- 
age oscilloscope (DSO)/digital mul- 
timeter (DMM) provides two chan- 
nel operation. This capability allows 
two-channel comparisons and the 
addition or subtraction of two sig- 
nals, as well as X-Y operation. 


GOWANDA 


for reliable 
precision 
and top 
performance 


LCR BRIDGE COMPATIBLE 
RF MOLDED CHOKES 


Inductance values: 10yuH to 
1,000yuH. Three standard series for 
LCR Bridge testing. 


RF MOLDED CHOKES 
Inductance values: .10OyH to 
10,000uH. Nine standard series for 
Q-meter testing. 


ve 


RF SHIELDED CHOKES 
Inductance values: .10yuH to 
10,00Q0uH. Patent Pending. 


Manufactured to MIL-C-15305 standards. 


For complete information 


Call 116-532-2234 


or write today 
GOWANDA ELECTRONICS CORP. 
NO. 1 INDUSTRIAL PLACE 
GOWANDA, NEW YORK 14070 


TWX 710-529-1211 Made in U.S.A. 
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The Ultimate 
Programmer: 


* 100% Software Configured. 
¢ 12-20 bit DACs for both voltage and 
current control (4,000 to over 100,000 
_ steps of resolution, not just 256); 
plus subnanosecond timing 
resolution. 
* High voltage — 
high current pin drivers 
can program and test single 
ICs or fully loaded PC board 


¢ 1600+ part library 
with room for 20,000 
additional devices. 
¢ ATE and MIL Spec 

screening options. 

¢ Small, portable and 
plug compatible with over 350 different 
computers and operating systems. 

¢ Free library updates for 2 years. 


The OMNI. With prices that start at 
gust $3,250, why settle for anything less? 


WESCON Booth #3150 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 
Glendale, CA 91203 


(818) 240-0080 


(800) 828-0080 
(800) 423-8874 in California. 
TWX (510) 600-8099 FAX (818) 240-613] 
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The scope section has a 3M- 
sample/sec capability and offers 
autoranging. The unit lets you store 
three waveforms per channel in a 
battery-backed memory. You can 
also use ac to run the unit. The 
scope features an on-screen display 
of setting conditions, which include 
sensitivity, time base, trigger 
source and slope, and display mode. 

The autoranging DMM has a 
manual override as well as audible 
continuity and overload indicators. 
This section of the unit offers ac 
and de current and voltage meas- 
urement functions as well as resis- 
tance. There’s also a low-ohm mode 
that provides a lower test voltage 
for resistance measurements. 
$1645. 

Leader Instruments Corp, 380 
Oser Ave, Hauppauge, NY 11788. 
Phone (516) 231-6900. TWX 510- 
227-9669. Booth Nos 3343 to 3349. 
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S/D CONVERTERS 


SDC-14560 synchro-to-digital con- 
verters feature user-programmable 


resolution. They provide the pre- 
cise positioning attainable at 16-bit 
resolution and the fast tracking of 
a 10-bit device in a 36-pin DIP. 

The converter’s active-selection 
design allows you to change resolu- 
tion during converter operation. An 
analog velocity output of 0 to +10V 
and a linearity of 0.25% are pro- 
vided, negating the need to use a 
tachometer. The SDC-14560 con- 
verters accept broadband inputs— 
360 to 1000 or 47 to 1000 Hz. 

The converters are available in 
versions that have operating ranges 
of 0 to 70 and —55 to + 125°C. Units 
are also available that offer full 
compliance to MIL-STD-883. $345. 
Delivery, 120 days ARO. 

ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 563-5678. TWX 
3106852203. FAX 516-567-7358. 
Booth Nos 1528, 1530. 
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SWITCH 


Designed for flat-panel keyboard 
applications, the ED multidome 
switch combines a stainless-steel 
snap dome with a low-profile gold- 
contact keyswitch. The added dome 
increases the normal actuation force 
to 600 grams. 

The gold-contact ED disk switch 
features a wiping-action contact clo- 
sure to improve reliability. The 
switch is sealed against particulate 
contamination to withstand harsh 
environments. 

Electrically, the ED multidome 
switch has a 50-mA switching- 
current rating, a 100V de voltage 
rating and a 3W power capability. 
The minimum operating life at full 


EDN November 10, 1988 


Now you don’t have to compro- 

mise your specs. As a pioneer in 
lithium and NICAD® chemistries, 
SAFT has been a leader in the 
electro-chemical industry, offering 
power without compromise. 

In fact, SAFT is the power behind 
this century's most innovative 
developments in electro-chemical 
energy systems. Our diverse expe- 
rience includes military require- 
ments as well as complex industrial 
applications, such as communications, instrumenta- 
tion, metering, medical and business electronics. 


os 


design specifications 


pplications Engineering 
ca Inc., Portable — 


a, GA 31601, Phone: 
Or contact SAFT 
Lithium Battery 


Our offering starts with our CHAMP 
connector family. 

IDC termination, 28 AWG to 
n AWG, insulation diameters to 
.055” Shielded versions designed to 
shield, with solid characteristics out 
to1GHz. 

Basically, an industry standard. 
But the proof of connector perfor- 
mance starts with supplier 
Our response to your needs, from 


getting product to simply getting 
answers. 


Test our reflexes. 

Our real job is to be the kind of com- 
pany you want to do business with. 

So we take availability seriously, 
and make AMP products available the 
way you need them. From worldwide 
manufacturing and stocking to our 
nationwide network of AMP Autho- 
rized soul we offer the source 
that suits you. 


You sometimes need parts in a 
rush. We’ve done something about 
that, too. We’ve taken our popular 
industry standard products—including 
CHAMP connectors—and stocked 
up, nationwide. 


Your Immediate Shipment 
Catalog is ready. 
For thousands of products from 


Switches to sockets, terminals to coax, 


and more, our Industry Standard 
Products Catalog is almost as good 


asa warehouse around the corner. 
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Specials: 


claps (OL high-volume cable assem 


50-position connectors with frp cable 


- 50- poston mute -wire connectors. 


| es gend | 


And you can get your copy just 
any problem we can’t solve on the 


by calling our Information Center and 
asking for it. 


- One number to call. 


We've consolidated our idformation: ; 


systems into a single toll-free number, 


with hours to cover r the business my, . 


Coast to coast. 


Call us. We can een proriuct | : : 2 oe 
literature Answer technical oo = 


Wear adapters, back ‘atk 


~ doesn’t matter if your concern is a big 
( one or a little one. Your business 
: matters tol Us. 


ae question we can’t answer, 


spot, will get priority attention. It 


IVE interco 


LONG LIFE DC-DC CONVERTERS 


New 5v input 5v/9v/42v/15v/ + 12%/=+ 15” outputs 
4.5w and 4.5w with a MTBF of 10° hours 


The Bellinix’s patented TCT drive technology which reduces the turn-on/ 
turn-off losses of the switching transistors to nearly zero, and the innovated 
simple circuit with low part count warrant the high reliability and long life 
of these isolated DC-DC converters. The R series (4.5w) and Y series (1.5w) 
are families of 5v input with dual and single outputs of 5Y, 9Y, 12%, 15”, +12 
and +15”. They are ideal for floppy and hard disk drives, PC peripherals, 
telecommunication and control systems. These compact, low-profile, 5-side 
shielded metal case converters are also ideal for analog circuits for their low 
ripple and noise characteristic. Total of 12 models are available. 


For complete product information, contact Jim Chang, Director of Customer Service 


and Developments. 


a SEPONIX CORPORATION 


2151 O'TOOLE AVENUE, SUITE L 
O'TOOLE BUSINESS CENTER 
SAN JOSE, CALIFORNIA 95134 


TEL: 408-922-0133 
1-800-237-4590 
FAX: 408-922-0137 
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Options, Options, Options... 


With our new line of Option Card and brackets. For information on these 
Removal Tabs & Brackets, the sky’s the and other products call or write. 


limit. That’s because our stainless steel 
brackets are manufactured from draw- 
ings furnished by you. 

Our tabs are composed of high 
quality UL approved 6/6 filled nylon 
(94V-2 rated) and available from stock to 
three weeks. 

Phillips Components is a leading 
manufacturer of card ejectors, guides, 


PHILUPS 


COMPONENTS INC. 

23141 La Cadena Dr., Suite P 
Laguna Hills, CA 92653 
Phone: 714-855-4263 

FAX: 714-583-9337 
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power is 100,000 operations. $1.50 
to $2. Delivery, 10 to 12 weeks 
ARO. 

ITT Schadow Inc, 8081 Wallace 
Rd, Eden Prairie, MN 55344. 
Phone (612) 934-4400. TWX 910- 
576-2469. Booth No 2278. 

Circle No 629 


OPTICAL ENCODERS 


Series 600/601 optical incremental 
rotary encoders are designed spe- 
cifically for limited-space, panel- 
mount applications. The noise-free, 
noncontacting devices output two 
Square waves in quadrature at a 
rate of 128 pulses per channel. 

The rotational life for the Series 
600/601 encoders is 107 revolutions. 
The encoders require an input 
power of 5V dc+5% at 30 mA max 
and operate over a —20 to +65°C 
range. The units are TTL compat- 
lible and are available with a wide 
variety of options, including 7.5-in. 
cable leads (Model 600-128), vertical 
pe-board pins (Model 601-128-B66), 
and horizontal pe-board pins (Model 
601-128-C24). $10. 

Clarostat Manufacturing Co 
Inc, 1 Washington St, Dover, NH 
03820. Phone (603) 742-1120. TLX 
6713344. FAX 603-742-0481. Booth 
No 2193. 
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SOLID-STATE RELAYS 


SSRD Series solid-state relays pro- 
vide two totally independent relays 
in a common hockey-puck package. 
Versions are available where each 
of the spst-NO relays have outputs 
rated for 40 or for 25A. 
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Linear re 
Power 


@- 
Supplies 


UL File No. E104173 
CSA Certification No. LR81336 
TUV License No. R88104-6 


¢ World-wide AC input capability 
100/120/220/230/240 VAC, 
47-63 Hz. 


e World-wide safety standards. 
e Single, dual, and triple outputs. 


e Tight regulation: 0.05% line 
& load. 


e Built-in OVP on 5V output: 
Optional OVP for 12V, 15V, 24V 
outputs. 


¢ Overload protection with 
automatic recovery. 


e Remote sense on main outputs. 
¢ 100% burn-in. 
e Two year warranty. 


If you have a custom 

design, call us. Also ask 

us about our DC-DC and 
switcher lines. 

For further information, contact: 


ELECTRONICS 


CORP. 
2380 Qume Drive, Suite A 
San Jose, CA 95131 
(408) 434-0877 
Fax # (408) 434-0539 
Telex 279366 
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The units use inverse parallel 
SCRs as output devices and include 
internal dV/dt snubber networks 
across the output switches to re- 
strict voltage transients to within 
acceptable limits. These 4-to-15V de 
input devices are available in both 
zero-voltage and random-voltage 
turn-on versions. 

SSRD relays are UL eciizel 
and CSA certified. They also fea- 
ture optical coupling, which pro- 
vides 2500V rms input-to-output 
isolation. $30 (100) for a 25A, zero- 
voltage turn-on version. Delivery, 
stock to ten weeks ARO. 

Potter & Brumfield, 200 S Rich- 
land Creek Dr, Princeton. IN 
47671. Phone (812) 386- 1000. 
Booth No 2138. 
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VIDEO MUX 


The AD9300 monolithic multi- 
plexer provides four-to-one channel 
switching for video-signal routing. 
The typical full-power bandwidth of 
34 MHz and the small-signal band- 
width of 350 MHz combine with the 
+(.1-dB gain flatness to 8 MHz to 
ensure signal fidelity. 

A 2-bit channel-select code ran- 
domly switches any of the AD9300’s 
four inputs to the output at a 20- 


THE BEST 
INDICATOR 
UGHT DATA 
BOOK THE 
WORLD HAS 
EVER SEEN... 
FREE. 


CALL (201) 489-8989 
OR FAX (201) 489-6911 
FOR YOUR FREE COPY. 


FIRST RIGHT ANGLE SURFACE 
MOUNT L.E.D. OFFERS SPACE 
ECONOMY AND EASY 
VISIBILITY. 


Industrial Devices, Inc. (IDI) 
6200 Series Right-Angle LED 
for surface mount assembly. 
Subminiature series is 6mm 
high and withstands tempera- 
tures of near-IR or vapor phase 
reflow. Available in red, green 
and yellow high-brightness, 
low (2mA) current, 5V (built-in 
resistor) and 5V low current 
models. Contact Industrial De- 
vices, Inc., 260 Railroad Ave- 
nue, Hackensack, New Jersey 
07601; (201) 489-8989, FAX 
(201) 489-6911. 


y // Industrial Devices, Inc., Hackensack, NJ 07601 
Be telephone: (201) 489-8989 
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_ Optical encoders are an available 
option for every Pittman® motor and 
_ gearmotor. Brush-commutated 
motors with continuous duty torques 
from 1.2 02z.-in. to 32 oz.-in. High 
performance ELCOM® brushless __ 
servo motors with continuous duty — 
torques from 6.4 0z.-in. to 52 oz. 
Spur gearheads to 500 oz.-in. — . . 
Planetary gearheads to 125 |b.-in. 


Mate any of these motor- encoder _ 


development. _ 
Call [21 5) 256- Be a 


"HARLEYSVI LLE, 
assemblies to your choice of a modern. __ ADIISION OF PENN ENGINEERING & Ms 


_ digital motion ron ole and get preci 


— e.rrr—“e™OOOsSCtrststSstS~ssitCSC‘ CET 
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quality cence prices a saya availabilty 
phone (516) 746-1385 today. 


134 Fulton Avenue _ 

Garden City Park, NY 11040-5395 
TEL: 516-746- 1385 e TELEX: 14-4533 
TWX: 510- 600-2415 « FAX: < ‘516- 746- 1396 
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MHz rate. You can connect the 
units in parallel or cascade them to 
form larger switching matrices. 
When not enabled, the multiplexer 
output has a high impedance state; 
when enabled, the unit acts as a 
buffer with high input and low out- 
put impedances. 

The AD9300 operates from +10 
to +15V supplies. Its power con- 
sumption is 300 mW typ at +12V. 
Three package/temperature ver- 
sions are available: ceramic-DIP 
packages (16 pin) for operation over 
0 to 70 and —55 to +125°C and a 
20-pin LCCC for operation over 
—55 to +125°C. $8 (100) for com- 
mercial-grade units. 

Analog Devices Inc, 7910 Triad 
Center Dr, Greensboro, NC 27409. 
Phone (919) 668-9511. Booth Nos 
3278 to 3283. 
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A/D CONVERTER 


Models ADS-115 and ADS-116 com- 
bine a tracking S/H amplifier and 
an A/D converter in a single 32-pin 
package. The devices offer true 10- 
bit performance at a 1-MHz 
throughput rate. 

The converters are available in 
versions that operate over 0 to 70 
or —55 to +125°C. The ADS-115 
accepts unipolar signals from 0 to 
10V; the ADS-116 has a bipolar in- 
put of +10V. Both models consume 
less than 2.8W from +5 and +15V 
supplies. 

Guaranteeing no missing codes 
over the full operating range, the 
ADS-115 and ADS-116 feature a la- 
ser-trimmed reference that has a 
+35 ppm/°C max gain temperature 
coefficient. The full-power input 
bandwidth is 60 kHz (10V p-p), and 
the typical harmonic distortion is 
—60 dB. $365 for military-grade 
units. 

Datel Inc, 11 Cabot Blud, Mans- 
field, MA 02048. Phone (508) 339- 
3000. TLX 951340. Booth Nos 3030 
to 3034. 
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Get your free 


| & 
masterpiece — 
the new Allied 
Engineering 
Purchasing 
Guide. 

Order your copy today. 

The new Allied Engineering Manual and Purchasing Guide is a one of a kind masterpiece. In it you'll 
find everything you need to know about electronics. Every page has important information to which you'll 
want to often refer. 

You'll find all the products you need to design, prototype, build, and repair anything electronic. Besides 
parts, components and accessories, the Allied catalog is your best source for tools and test equipment. 

Allied has brought together products from more than 200 of the top manufacturers in electronics, 
communications, computers, audio and security industries. 

Allied even makes it fast and easy to buy — using either phone or “ua We can give you fast 
availability and shipping answers whether you need one part or a gross. Allied is famous for our special 


customer services. Just let us know what you need. But the first thing you need to do is send in the coupon or 
call us toll-free at 1-800-433-5700. 


Depend on Allied for the latest in electronics. 


ne ALLIED ELECTRONICS wc 


Attn: Catalog Dept. A SUBSIDIARY OF HALLMARK ELECTRONICS CORP 
401 E. 8th Street, Fort Worth, Texas 76102 


Please send me your free Allied Engineering Manual and Purchasing Guide. 


Name. ee ee 

Company. ee 

Address 

City a a es Se eee Zip 


© 1988 Allied Electronics, Inc./500-1042 _ Asubsidiary of Hall-Mark Electronics Corp. EDN 111088 
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supplied 12-Vdc battery, external 
10 to 20 Vdc source or 85 to 
264 Vac, without switching. Has 
bright 3.5", 12-kV, PDA CRT; 
alternate trigger, time base, 
and sweep; 2-channel and 
X-Y operation; variable 
holdoff, and more. All this 
from a unit small enough to 
fit into an attache case! 
Leader has “truly porta- 
ble” 20 to 60-MHz oscillo- 
scopes for ac/dc or ac 
operation. Each is backed by 
our 2-year warranty and factory 
service on both coasts. 


_ What's the difference be- 
tween a portable scope and 
the truly portable LBO-315? 
A lot of weight, among 
other things. At just 10 Ibs 
and 10.5 x 3 x 13" with 
battery, the full-function 
LBO-315 can easily go 
everywhere a technician 
goes. 


When a tech must 
return to the shop ora 
Car, for the heavy scope left 
behind, time costs money. 
LBO-315, the scope techs love 


to carry, saves time and delivers Call toll-free 

more profit. It's that simple. 1 800 6 4 5. 510 4 

No so-called " pe In NY State 
Compact 60-MHz LBO-315 516 231-6900 


Ask for our full-line Catalog, an 
evaluation unit, and the address of 
your nearest Leader Distributor. 


packs all the performance of a 
bench scope. Operates from 
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Leader Instruments Corporation 


380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 

In Canada call Omnitronix Ltd. 416 828-6221 


The truly 
portable 
LBO-315 
comes with 
complete 
accessories, 
as shown 

at left. 
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FOR PROFESSIONALS WHO KNOW 
THE DIFFERENCE 


SEE A LIVE DEMONSTRATION! 


WESCON, BUSSMANN BOOTH 2454-2460 


Unretouched 
photograph 


inally, a fuse that protects the board 
3ussmann current-limiting PC-Tron! 


Before the Buss PC-Tron, fuses performed a limited SEE THE DOCUMENTARY VIDEO 


unction on printed circuit boards. They protected : tt 
equipment against fault currents, but not the printed er ‘Sec 


ircuit board’s components; transistors could explode, you to design in circuit protection 
and traces might vaporize. Until now designers have never before possible and with 

ad to live with these service costs and liability poten- production economies. For a show- 
ials. Now the new PC-Tron fuse greatly reduces these ing write PC-Tron Videotape, 
isks. Unlike glass-cartridge and other subminiature Bussmann Division, Cooper 
uses, the PC-Tron is current-limiting. Its low let- Industries, Box 14460, St. Louis, 
hrough energy capability protects the transistor and MO 63178; phone (314) 394-BUSS. 


all board components. With all that, the PC-Tron also 
educes production costs significantly. It takes 89% 
ess space than a glass-cartridge fuse and is automat- 
cally insertable, board washable and wave solderable. 
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Future Electronics 
Salt Lake City, UT 
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Marshall Industries 
Salt Lake, UT 
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Washington 


Future Electronics 
Redmond, WA 
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Marshall Industries 
Bellevue, WA 
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Marshall Industries 
Brookfield, WI 

(414) 797-8400 
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Alberta 


Future Electronics 
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Future Electronics 
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Future Electronics 
Vancouver, B.C. 
(604) 294-1166 


Ontario 


Future Electronics 
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Future Electronics 
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Marshall Industries 
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Future Electronics 
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Future Electronics 
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One 13-bit ADC, 
two times the savings. 


Introducing the TSC804: ADC plus multiplexer on one chip! 
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The new TSC804 does more than just simplify your designs. It simplifies your life. Because it’s the first complete 
precision CMOS data acquisition system on a single chip — both an analog multiplexer and a 12 bit plus sign analog to 
digital converter. You get two powerful ICs in one compact package. For two big savings: precious board space and design 
costs. 

And since it’s monolithic, the TSC804 is the most reliable solution you can get—for process control, data acquisition, 
environmental and medical monitoring and dozens more super-sensitive applications. 

It's also the most flexible. The TSC804’s analog multiplexer lets you choose from eight input signals. Configure the 
on-chip multiplexer as either an 8-channel single-ended or 4-channel differential multiplexer. Even expand it with external 
multiplexers. The TSC804 converts the analog signal you've selected to 12-bit-plus-sign resolution. 

Teledyne gives you the package you need too: either 68-pin PLCC or compact 60-pin flat package. Plus the best quality, 
service and support in the industry, backed by 27 years of semiconductor leadership. 

So get the full story. Call today for a daia sheet on the TSC804 or ask for our Technical Hotline and one of our 
applications engineers will gladly tell you more. 
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Because these and the more than 700 
Micro-Rel employees commit them- 
selves to excellence in custom ICs — 
from concept, to design, manufacture, 
processing, testing, packaging and on- 
time delivery — we issue this challenge: 
SEND US YOUR SPECS. | : 

BECAUSE when you SEND US 
YOUR SPECS, well give you excellence 
in custom ICs. : 

Send your custom IC specs to: 
MICRO-REL - 
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2343 West 10th Place 
: : Tempe, AZ 85281 
TEL: 602-968-6411 
TWX: 910-950-1941 
FAX: 602-968-9691 
CIRCLE NO 209 


dc/dc converters 


Part 3 


Design dc/dc converters 
for power conservation 


and efficiency 


This article, part 3 of a 4-part series, will demonstrate 
design techniques for optimizing power conservation, 
efficiency, and wide input range in dc/de converters. 
Parts 1 and 2 of this series covered the design of 5- to 
+ 15V converters and the proper use of instrumentation 
in converter design. Part 4 will show how to replace 
inductors with switched-capacitor techniques in dc/dc- 
converter designs. 


Jim Williams and Brian Huffman, 
Linear Technology Corp 


At first glance, converter power drain, efficiency, and 
input range might seem an odd threesome. In portable 
applications, however, power drain and efficiency go 
hand in hand. And wide-input-range capability is often 
closely related to both these parameters. In applica- 
tions where space or reliability are major considera- 
tions, it’s sometimes best to operate circuitry from a 
single 1.5V cell. This objective eliminates almost all 
ICs as design candidates. Although it’s possible to de- 
sign circuitry that runs directly from a single cell, a 
de/de converter with a wide input-range capability al- 
lows you to use standard higher-voltage ICs. 

Fig 1’s design converts the output of a 1.5V cell to 
a 5V output and features quiescent current of only 125 
wA. Oscillator IC,,’s output—trace D in Fig 1b—is a 
2-kHz square wave. This circuit has a conventional 
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configuration, with one exception: The biasing scheme 
accommodates the narrow common-mode range avail- 
able with the 1.5V supply. To maintain low power, 
ICj,’s integrating capacitor has a small value, which 
limits the swing to only 50 mV. ICo, and [Cop operate 
in parallel to drive T,;. This parallel connection mini- 
mizes saturation losses. 

When the 5V output (trace A) slopes down far 
enough, ICj,’s output goes low (trace B) and pulls the 
noninverting inputs of both ICo, and ICop close to 
ground. ICj,’s clock signal now forces energy into T}. 
T,’s flyback pulses, rectified and stored in the 47-pF 
capacitor, form the converter’s de output. ICjp on-off 
modulates Co at whatever duty cycle is necessary to 
maintain the converter’s 5V output. The LT1004 serves 
as a reference, and the resistor divider at IC p's posi- 
tive input sets the output-voltage level. The Schottky 
clamp at IC>’s outputs prevents any parasitic behavior 
of T, from developing negative-going overdrives. 

The LT1004’s output is bootstrapped to the 5V out- 
put so that the converter can operate with inputs as 
low as 1.1V. The 10-MQ bleed resistor ensures circuit 
start-up, and the 1-MO resistors divide the 1.2V refer- 
ence to keep IC}, within common-mode limits. ICjp’s 
positive feedback establishes hysteresis of about 100 
mV, and the 22-pF capacitor suppresses high-fre- 
quency oscillations. 

This circuit’s low duty cycle at light loads minimizes 
quiescent current. The 125-yA figure noted is quite 
close to the LT1017’s steady-state currents. As the 
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In small portable computers, converters 
must operate from a battery input with very 


high efficiency. 


load increases, the duty cycle increases to meet the 
demand, drawing more power from the battery. A de- 
crease in the battery’s output voltage produces similar 
behavior. 

Fig 1c plots the available output current versus the 
battery voltage for Fig la. Predictably, the highest 
power is available from a fresh cell, although the circuit 
maintains regulation to 1.15V for 250-wA loading. Be- 
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cause of the low supply voltage, it’s difficult to control 
the saturation and other losses in Fig 1’s circuit. As a 
result, the circuit’s efficiency is only about 50%. 

Fig 1’s circuit is useful in low-power applications, 
but some 1.5V systems require much more power. Fig 
2’s circuit provides a 5V/200-mA output. Assuming that 
Fig 2’s circuit operates continuously at high power, its 
quiescent-current level is allowed to be higher than 
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Fig 1—Featuring a quiescent current of only 125 pA, this dc/dc converter (a) generates 5V from a 1.5V cell input. Oscillator IC jq’s output 
is a 2-kHz square wave (b, trace D). A plot of output current versus battery voltage (c) shows that the highest power is available from a 


fresh cell. 
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Fig 2—Essentially a flyback-type regulator, this dc/dc converter (a) generates 5V at 200 mA. When power is applied, IC iq oscillates at 5 
kHz (b). The circuit's input-output characteristics ( c) ulustrate that the circuit will start into a full load as long as the battery voltage 
equals 1.2V. Although the circuit’s performance is impressive, its quiescent power requirements at lower currents degrade its efficiency 


figures (d). 


that of Fig 1. a 

The circuit in Fig 2 is essentially a flyback-type regu- 
lator. Because the LT1070 exhibits low saturation 
losses and is easy to apply, it’s simple to design the 
flyback regulator to supply the 1W output. Unfortu- 
nately, the LT1070 has a 8V min supply-voltage re- 
quirement. Bootstrapping from the 5V converter out- 
put to the LT1070’s supply pin satisfies that require- 
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ment. The dual comparator (IC;, and IC,,) and the 
transistors form a start-up loop. 

When power is applied, IC,, oscillates at 5 kHz (see 
trace A in Fig 2b), biasing Q, and allowing it to drive 
the base of Qo. Qe’s collector (trace B) pumps energy 
into L, and generates step-up voltage-flyback signals. 
These signals are rectified and stored in the 500-pF 
capacitor to produce the converter’s 5V output. 
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In many applications, dc/dc converters must 
accommodate a wide range of input 
voltages. 


ICjp is configured so that its output (trace C) goes 
low when the converter’s output crosses the 4.5V level. 
When IC},’s output goes low, IC,,’s integration capaci- 
tor pulls low and terminates the circuit’s oscillations. 
Under these conditions, Qo can no longer drive Lj. 
The LT1070 can, however. You can see this behavior 
(trace D) at the LT1070’s Vow pin. When the start-up 
circuit activates, the Vij pin of the LT1070 has an 
adequate supply voltage and starts to operate—at the 
fourth vertical division in Fig 2b’s scope photo. There’s 
some overlap between the turn-off of the start-up loop 
and the LT1070’s turn-on, but it has no detrimental 
effect. 

Careful design allows the start-up loop to function 
over a wide range of loads and battery voltages. Start- 
up currents exceed 1A, so Qo’s saturation and drive 
characteristics are particularly important. 

Fig 2c plots the circuit’s I/O characteristics. Note 


that the circuit will start for all loads as long as the 
battery voltage is 1.2V or better. With reduced loads, 
the circuit will start for battery levels as low as 1V. 
Once the circuit starts, it can drive full 200-mA loads 
with battery voltages as low as 1V. Fig 2d plots the 
efficiency of Fig 2a’s circuit at two supply-voltage lev- 
els for a range of output currents. Although the cir- 
cuit’s performance is impressive, its quiescent power 
requirements at lower currents degrade its efficiency 
figures. Fixed junction-saturation losses at the lower 
supply-voltage levels are responsible for the lower 
overall efficiency. 


Addressing the efficiency question 

Efficiency is a prime concern in some converter appli- 
cations (see box, “Design converters for optimum effi- 
ciency”). In small portable computers, for example, 
the converter typically must generate 5V from a 12V 


Design converters for optimum efficiency 


Squeezing the utmost efficiency 
out of a converter is a complex, 
demanding design task. To obtain 
efficiencies in excess of 80 to 85%, 
you'll have to use some finesse, 
some witchcraft, and some plain 
luck. The interaction of electrical 
and magnetic terms produces 
subtle effects that influence a con- 
verter’s efficiency. It’s not possi- 
ble to establish a detailed, gener- 
alized method for obtaining maxi- 
mum converter efficiency, but it’s 
easy to list some guidelines. 
Losses fall into several loose 
categories: junction, ohmic, 
drive, switching, and magnetic. 
Semiconductor junctions produce 
losses. Diode drops increase with 
operating current, a fact that can 
be quite costly in low-output- 
voltage converters. A 700-mV 
drop in a 5V-output converter in- 
troduces a loss of more than 10%. 
Schottky devices will cut this loss 
by almost 50%, but it’s still ap- 
preciable. Germanium devices, 


212 


which are rarely used today, cut 
losses even more, but their 
switching losses negate their low- 
drop performance at high speeds. 
Germanium devices’ reverse leak- 
age may be equally oppressive in 
very-low-power converters. 

Synchronously switched rectifi- 
cation (Fig 3a) is more complex, 
but it can sometimes simulate a 
more efficient diode. When evalu- 
ating such a scheme, however, re- 
member to include both ac and 
de drive losses in efficiency calcu- 
lations. DC losses include base or 
gate current in addition to dc con- 
sumption in any driver stage. AC 
losses might include the effects 
of gate (or base) capacitance, 
transition region dissipation, and 
power lost because of the delay 
between the application of the 
drive and the actual switch 
action. 

Transistor saturation losses are 
also a significant term. Channel 
and collector-emitter saturation 


losses become increasingly sig- 
nificant as the operating voltage 
decreases. The most obvious way 
to minimize these losses is to se- 
lect low-saturation components. 
This scheme will work, in some 
cases, but remember to include 
drive losses (which are usually 
higher for low-saturation devices) 
in overall loss estimates. 

Sometimes, it’s difficult to as- 
certain the actual losses caused 
by saturation effects and diode 
drops. Changing duty cycles and 
time-variant currents complicate 
matters. However, there’s one 
simple way to make relative-loss 
judgments: You can measure the 
rise in device temperature. Un- 
fortunately, this technique is not 
very effective at low power lev- 
els. In some cases, you can deter- 
mine losses by deliberately add- 
ing a known loss to the compo- 
nent in question and then noting 
any change in efficiency. 

Ohmic losses in conductors are 
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battery input, and it must do so very efficiently. With 
a 90% efficiency rating, the positive buck converter 
in Fig 3a fills the bill easily. 

Transistor Q; serves as the pass element. Replacing 
the catch diode typically used in buck-type converters 
with a a synchronous rectifier (Qs) improves the effi- 
ciency of Fig 3a’s circuit. The input supply is nominally 
12V, but it can vary from 9.5 to 14.5V. The NMOS 
transistors used for Q; and Qo have a low (0.0280) 
source-to-drain resistance, which minimizes power 
losses. The inductor’s low-loss core material helps 
squeeze a little more efficiency out of the design. In 
addition, keeping the current sense-threshold low mini- 
mizes the power loss in the current-limiting circuit. 

Fig 3b illustrates the operating waveforms. When 
the Vow pin turns off (trace A), Qs drives Qo. Qo turns 
off (through D, and Dog) when Vew is on. To turn on 
Qi, you must drive its gate (trace B) above the input- 


voltage level. C,, bootstrapped from the drain of Qo 
(trace C), provides this drive. Cy charges up through 
D; when Qs» turns on. When Qs turns off, Qs conducts 
to provide a path for C; to turn Q, on. During this 
period, current flows through Q, (trace D), through 
the inductor (trace E), and into the load. 

Q; turns off when the Vow pin is off, allowing Qs 
to turn on Q, and pull Q)’s gate low through Dg and 
the 500 resistor. This resistor reduces the noise volt- 
age generated by Q,’s fast switching transitions. Q, 
must be off when Qo is conducting (trace F). The effi- 
ciency of Fig 3a’s circuit will suffer if both transistors 
are conducting simultaneously. The 2200 resistors 
combine with Dz to minimize any switch-cycle overlap. 

Transistors Qg through Qo provide short-circuit pro- 
tection. The LT1004, Qg, and the 9-kO resistor gener- 
ate a 200-yA current that flows through R, and devel- 
ops a 124-mV threshold for the Q7-Qg comparator. 
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usually significant only at higher 
eurrent levels. Hidden ohmic 


losses include socket and connec-. 


tor contact resistance and equiva- 
lent series resistance (ESR) in ea- 
pacitors. ESR generally de- 
creases as the capacitance value 
increases, and increases as the 
operating frequency increases. 
Don’t forget the copper resis- 
tance of inductive components. 
Quite often, you have to evaluate 
the tradeoffs between an induc- 
tor’s copper resistance and its 
magnetic characteristics. 


Components make a difference 
Drive losses are also important 
when it comes to efficiency. A 
MOSFETs gate capacitance 
draws substantial ac drive cur- 
rent per cycle, which implies that 
average currents will increase as 
frequency increases. Bipolar de- 
vices have lower capacitance, but 
de base-current requirements 
make them very power hungry. 
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Large-area devices may appear 
attractive because of their low 
saturation, but you must evaluate 
drive losses carefully. Usually, 
large-area devices are viable only 
when the converter will operate 
consistently at a significant per- 
centage of its rated current. 

Efficiency should be a major 
consideration in any drive-circuit 
design. Class A drives (resistive 
pull-up or pull-down drives) are 
simple and fast, but they’re ineffi- 
cient. For efficient operation, 
you ll typically need to use active 
source-sink combinations that 
have minimal cross-conductance 
and biasing losses. 

Switching losses occur when 
devices spend significant 
amounts of time (relative to oper- 
ating frequency) in their linear 
region. At higher repetition 
rates, transition times can be- 
come a substantial source of loss. 
Proper device selection and 
drive-circuit design can minimize 


these losses. 

Magnetics design can also influ- 
ence a converter’s efficiency. It’s 
important for you to consider 
such issues as core-material selec- 
tion, wire type, winding tech- 
niques, size, operating frequency, 
current levels, and temperature. 
Practically speaking, access to a 
skilled magnetics specialist is the 
only way to ensure a successful 
design. Fortunately, electrical 
losses typically outweigh mag- 
netic losses, so you can usually 
realize fairly high efficiency by 
using standard magnetic compo- 
nents. If the converter’s effi- 
ciency is still too low after you’ve 
reduced losses to the lowest prac- 
tical level, you'll need to use cus- 
tom magnetics. 


213 


The buck-boost converter topology ts very use- 
ful in circuits where the input voltage can 
be either lower or higher than the output 
voltage. 


When the voltage drop across the 0.0180 sense resistor 
exceeds 124 mV, Qg turns on. The LT1072’s Vsw pin 
goes off when the Vc pin drops below approximately 
0.9V. This drop occurs when Qg forces Qg to saturate. 
The RC damper across Qg suppresses line transients 
that might turn on Qg prematurely. 


Designing for wide input-range capability 
Converters must often accommodate a wide range 


VIN 
12V : 
2N3906 
> wd 
+ 
220 
af 
IN@148 
LT1004-2.5 
(a) : 


of inputs. Telephone-line voltages, for example, can 
vary over a considerable range. Fig 4’s circuit uses 
an LT1072 to supply a 5V output from a telecomm-type 
input. The raw telecomm supply is nominally —48V, 
but it can vary from —40 to —60V. The Vsgw pin can 
accommodate this voltage range, but the Vin pin re- 
quires some protection, because it has a 60V max rat- 
ing. Q) and the 380V zener diode provide this protection, 
decreasing the Vyn pin’s voltage to acceptable levels 


NOTE: 
*1% FILM RESISTORS 


P50NO05E 
OR IRFZ44 


PULSE V 
ENGINEERING By 
#PE-92210K aA 
+ 
1000 pF 


VERTICAL HORIZONTAL 


A 20V/DIV 10 pSEC/DIV 
B 20V/DIV 10 n»SEC/DIV 
Cc — 20V/DIV 10 pSEC/DIV 
D 2A/DIV 10 »SEC/DIV 
E 2A/DIV 10 pSEC/DIV 
F 2A/DIV 10 pSEC/DIV 


Fig 3—With a 90% efficiency specification, this positive-buck-converter design readily satisfies the needs of small portable computers. 
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under all line conditions. 

In Fig 4, the top of the inductor is at ground and 
the LT1072’s ground pin is at the negative supply- 
voltage rail. The LT1072’s feedback pin senses signals 
with respect to the ground pin, so the 5V output must 
provide a level shift. Qo provides this shift by introduc- 
ing a low (—2-mV/°C) drift. Such a drift normally pre- 
sents no problems in a logic supply. In problem cases, 
the optional network shown will provide appropriate 
compensation. 

The RC damper at the Vc pin provides frequency 
compensation. The 68V zener diode is designed to 
clamp and absorb excessive line transients that might 
otherwise damage the LT1072; the Vsw pin has a 75V 
max rating. 

The approach in Fig 5 has an even wider input range. 
In this case, the converter produces a —5V output 
(+5V optional). The coupled inductor will accom- 
modate buck, boost, or buck-boost converter configura- 
tions. As the figure shows, this converter will handle 


—48V 
(-40 TO -60V) 
INPUT ® 


NOTES: 
*MUR410 (MOTOROLA) 
*"1 5KE68A (MOTOROLA) 


an input range of 38.5 to 35V de. 

Fig 5b shows the operating waveforms for the cir- 
cuit. When the Vsw pin is on (trace A), current flows 
through the transformer’s primary winding (trace B). 
The reverse bias on catch diode D, prevents any cur- 
rent transfer to the secondary winding during this pe- 
riod: The energy is stored in the transformer’s mag- 
netic field. When Vew turns off, D, forward-biases and 
transfers the energy to the secondary winding. Traces 
C and D show the voltage on the secondary winding 
and the current flow through the secondary winding, 
respectively. Because the transformer is not an ideal 
device, not all of the primary winding’s energy is cou- 
pled into the secondary winding. The energy left in 
the primary winding generates overvoltage spikes on 
the Vsw pin (trace E). 

A leakage-inductance term in series with the trans- 
former’s primary winding models this phenomenon. 
When Vow turns off, the transformer current continues 
to flow, causing the snubber diode to conduct. As the 


PULSE ENGINEERING 
#92108 


OPTIONAL 
LOW-DRIFT FEEDBACK 
CONNECTION (SEE TEXT) 


5V OUTPUT 


3.01k 


Fig 4—To accommodate applications with wide input-voltage ranges, this converter can handle 40 to 60V dc signals. 
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Linear converters don’t encounter the dy- 


namic problems that switching regulators 
face under varying input and output 
ranges. 


transformer loses its energy, the snubber-diode cur- 
rent falls to zero, clamping the voltage spike. The feed- 
back pin senses with respect to ground, so Q, through 
Qs use the —5V output to provide a level shift. 


The buck-boost solution for wide input range 


The buck-boost topology is useful in circuits whose 
input voltage can be either lower or higher than the 
output voltage. The design in Fig 6 uses a single induc- 


Vin = 3.5 TO 35V 


1k* 
1% 


MBR360 
(MOTOROLA) 


100 pF 


PULSE ENGINEERING 
#PE-65060 


NOTE: 
“1% FILM RESISTORS 


(a) 


(b) 


2N3906 
Qs3 


MBR360 


tor in place of the transformer that you’d typically use 
in such designs. The circuit’s operation somewhat mir- 
rors that of Fig 5’s converter. 

The pass-transistor gate-drive scheme is identical 
in both cases, except that in Fig 6 the gate-source 
voltage is clamped so that it won’t exceed the device’s 
+20V rating. Fig 6b shows the operating waveforms. 

When Voy is on (trace A), pass transistor Q) satu- 
rates. The gate voltage (trace B) is clamped by the 


PULSE 
ENGINEERING 
#PE-65050 


(OPTIONAL) 


VERTICAL HORIZONTAL 


A 20V/DIV 10 pSEC/DIV 
B 4A/DIV 10 pSEC/DIV 
Cc 10V/DIV 10 pSEC/DIV 
D 4A/DIV 10 pSEC/DIV 
E 20V/DIV 1 pSEC/DIV 
F 2A/DIV 1 »SEC/DIV 


Fig 5—Able to handle inputs ranging from 3.5 to 35V dc, this circuit’s cowpled-inductor design will accommodate buck, boost, or buck-boost 


converter configurations. 
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zener diode. Traces C and D show the voltage on Q;’s 
drain and the current through Q), respectively. The 
similarities between the two circuits end here. 

In Fig 6’s circuit, the inductor is within one diode 
drop (De) above ground, instead of being tied to the 
output, as it is in Fig 5. As a result, the voltage drop 
across the inductor—except for Q,’s Vpr drop and 


saturation losses—is now equal to the input voltage. 
Dj is reverse-biased, and it prevents the output capaci- 
tor from discharging into the Vsw pin. When the Vsw 
pin is off, Q,; and De cease to conduct. Because the 
current in the inductor (trace E) continues to flow, 
Ds and Dy, forward-bias, allowing the inductor energy 
to transfer into the load. Trace F illustrates the current 


330 pH 
PULSE ENGINEERING 
ch egek #PE-52627 
28V NOMINAL ’ 28V 
(15 TO 35V) 250mA 
Dy 
| MBR360 
__ Ae nase 
1000 pF 
INS 10. (MOTOROLA) £ 
220 26.1k 
4W 
D2 
Dy MBR360 
1N4148 
+ 
100 pF 
4.21k* 
NOTE: 
(a) *1% FILM RESISTORS = 
VERTICAL HORIZONTAL 


A 20V/DIV 10 »SEC/DIV 
B 10V/DIV 10 pSEC/DIV 
Cc 20V/DIV 10 nSEC/DIV 
D 2A/DIV 10 pSEC/DIV 
E 2A/DIV 10 pSEC/DIV 
F 2A/DIV 10 pSEC/DIV 


Fig 6—The buck-boost topology is useful in circuits where the input voltage can be either lower or higher than the output voltage. 
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Q; 
2N6667 Ly 


INPUT © 


MR1122 


Cron 
4 — 


1N914 


(a) = = 


TRACE VERTICAL HORIZONTAL 


A 200 mV/DIV 500 wSEC/DIV 
B 50V/DIV 500 p»SEC/DIV 
Cc 20V/DIV 500 n»SEC/DIV 
D SA/DIV 500 »SEC/DIV 


(b) 


VReEF = 1.8V 


O OUTPUT 
+ 
S 2k 
O 28V 
NOTES: 
*1% FILM RESISTOR 
L, IS A 51518 FROM PULSE ENGINEERING 
100 
Pout = 85W 
hae = ow 


\ Vo = 12¥, Vin = 15V 


Pout = 105W 


A Vo = 15V, Vin = 28V 


70 Poyt = 35W 
Pour = 15W vo > BV. Vin = 15V 
S 60 Pout = 5W 
> 
ae 

Z 50 4 Pour = < me © oe 
© Vo = 5V, Vin = 28V 
ve 40 
uu 


30 Vo = 5V, Vin = 15V; LT1083 WITH NO PREREGULATOR. 
THEORETICAL LIMITS ONLY DISSIPATION LIMITED 


Vo = 5V, Vin = 28V; LT1083 WITH NO PREREGULATOR. 
THEORETICAL LIMITS ONLY DISSIPATION LIMITED 


(c) OUTPUT (A) 


Fig 7—Although typical linear converters have efficiency and temperature-rise problems, this design efficiently controls high power 


under widely varying input and output conditions. 


flow through Dg. De prevents Q; from staying on when 
the circuit is operating in buck mode. Dj, on the other 
hand, blocks current flow into the gate-drive circuit 
when the converter is operating in boost mode. 


A look at a linear-type solution 


In a sense, linear regulators are extremely wide- 
range dce/de converters. They don’t encounter the dy- 
namic problems that switching regulators face under 
varying input and output ranges. Linear regulators 
simply dissipate excess energy as heat. This elegantly 
simple energy-management mechanism creates a sig- 
nificant amount of inefficiency and temperature rise. 
Fig 7 illustrates a design that allows a linear regulator 
to control high power efficiently under widely varying 
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input and output conditions. 

The regulator resides within a switched-mode loop 
that servocontrols the voltage across the regulator. 
In this arrangement, the regulator functions normally, 
while the loop maintains the voltage across the regula- 
tor at a minimal value regardless of line-, load- or 
output-setting changes. Although this approach can’t 
match the efficiency of a classical switching regulator, 
it maintains the low noise and fast transient response 
inherent in the linear regulator. 

The LT1083 functions conventionally, supplying a 
regulated, 7.5A output. The remaining components 
form the switched-mode, dissipation-limiting control 
loop. This loop forces the potential across the LT1083 
to equal the 1.8V value of Vprrr. The optoisolator pro- 
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Introducing video driver hybrids 
from Teledyne Philbrick. 


High-resolution graphic displays require quick 
response. That's why Teledyne Philbrick has com- 
bined all the driver ICs and transistors you need in 
one powerful space-saving package. 


Where discrete components fall short, new 1900 
Series Video Display hybrids come on strong as 
high speed trans-conductance amplifiers with high 
voltage, open collector outputs. They accommodate 
standard RS-170 or RS-343 interfaces. And accept 
differential or single-ended inputs with a common- 
mode input voltage range of +3V. 


The 1901 is capable of driving up to 50V pp swings 
into 6pF loads with bandwidths of over 146MHz. 
Combining an output buffer stage with the 1901, the 
1902 provides up to 100V pp swings in 20p0F 

loads. These specifications provide flexibility in CRT 
selection and ease of mechanical mounting in 
projection and high brightness displays. Both the 
1901 and the 1902 eliminate 
the need for pre-amps, <8 
ensure rise times of 2-4ns 
and provide easy thermal 
management. 


Altogether, the 1900 Series 
gives you a powerful, new 
edge in designing sophisti- 
cated, compact imaging 
systems for CAD, avionics and large screen 
applications. 


Qualified to MILSTD-1772, Teledyne Philbrick is a 
leading manufacturer of high performance, high 
reliability standard and custom microcircuits for 
industrial, medical, military and space applications 
worldwide. Send for complete specifications. Or call 
us toll-free at 1-800-325-1830 (outside MA). 


MIL-STD-1772 Qualified 


40 Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 


WEST: 


30423 Canwood St., 


Suite 212 

Agoura Hills 

CA 91301 

Tel: 818-889-3827 
Fax: 818-889-8215 
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U.K.: JAPAN: 

The Harlequin Centre 4th Floor 

Southall Lane Taiko No. 3 Bldg. 
Southhall 2-10-7 Shibuya-Ku 
Middlesex Tokyo 542, Japan 
UB2, SNH, U.K. Tel: 797-5251 

Tel: 571-9596 Telex: 781-24335 
Telex: 935008 Fax: 797-5255 


Fax: 571-9439 
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Large-area devices may appear attractive 
because of their low saturation, but you 
must evaluate drive losses carefully. 


vides a convenient way to look at the differentially 
sensed voltage across the LT1083 as though it were a 
single-ended input. When the regulator input (trace 
A in Fig 7b) decays far enough, the LT1011 output 
(trace B) switches low and turns Q, on (trace C), allow- 
ing current to flow from the circuit input (trace D) into 
the 10,000-wF capacitor and raise the regulator’s input 
voltage. 

When the regulator input rises high enough, the 
comparator goes high, turning off Q; the capacitor 
stops charging. The MR1122 damps the current- 
limiting inductor’s flyback spike. The 0.001-pF/1-MQ 
combination sets the loop hysteresis at about 100 mV 
p-p. This free-running, oscillation-control mode sub- 
stantially reduces dissipation in the regulator without 
degrading its performance. Despite changes in the in- 
put voltage, regulated outputs, or load shifts, the loop 
always ensures minimum dissipation in the regulator. 

Fig 7c plots the efficiency of the circuit in Fig 7a 


MUR120 


NOTES: 

7 IS INPUT GROUND 
/t7 \S OUTPUT COMMON 
*1% METAL FILM RESISTOR 


at various operating points. Thanks to the loop’s per- 
formance, the circuit losses are relatively small at high 
output-voltage levels, and the circuit’s efficiency is 
quite good. Its efficiency suffers at low output-voltage 
levels, but compares very favorably with the theoreti- 
cal data for an LT1083 operating with no preregulator. 
At the higher theoretical dissipation levels, the LT1083 
will shut down, precluding practical operation. 


Meeting applications’ high voltage needs 


Fig 8’s design features a fully floating output. This 
provision allows you to reference the output away from 
system ground, a technique that’s often desirable for 
applications in which you want to limit noise or provide 
biasing. In this converter, galvanically isolated equiva- 
lents replace the LT1072’s internal error amplifier and 
reference. Power for the replacement parts is boot- 
strapped from the output via source-follower Q, and 
its 2.2-MQ ballast resistor. IC, and the LT1004 (both 


a, & 
VN2222 


5k 
OUTPUT 
ADJUST 


LT1004 
1.2V 


10-MQ RESISTOR IS VICTOREEN MAX-750-22 


DIODES ARE SEMTECH-FM-50s 


TRANSFORMER IS PULSE ENGINEERING #PE-6197 


Fig 8—With a fully floating output, this converter configuration allows you to reference the output away from system ground, a technique 
that’s often desirable for applications in which you want to limit noise or provide biasing. 
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Create acomplete 


Introducing a complete system of 
modular hybrid components for military 
SMPS designs. 


What do you do when all the primary electron- 


ics are in place, but there’s precious little time, 
budget or real estate left for the power supply? 


Call Teledyne Philbrick. We offer a unique, new 
series of complete modular hybrid power com- 
ponents that are designed to be customized to 
your exact specifications. 


Just choose the configuration you need. The 
2491 Regulating Pulse Width Modulator pro- 
vides all the control functions for the PSU. The 
2473 is adual MOFSET switch with high speed 
drivers and current sensing circuitry. And the 
2478 Dual Schottky Bridge Rectifier provides up 
to three output voltages from a single power 
package. 


New modular 
power hybrids 
are ideal for 
missiles, RPVs 
and other mili- 
tary systems. 
Combine them 
with a transformer 
and input/output 
filters, and you 


VIN 


TP2491 
PWM 
CONTROLLER 


TP2473 
DRIVER/ 
SWITCHER 


TP2478 foo 
RECTIFIER 


custom power 

supply—in a fraction of the time, and at 
a fraction of the cost, It would take to start 
from scratch. 


Qualified to MIL-STD-1772, Teledyne Philbrick 
is a leading manufacturer of high performance, 
high reliability standard and custom micro- 
circuits for industrial, medical, military and 
space applications worldwide. Send for com- 
plete specifications. Or call us toll-free at 1-800- 
325-1330 (outside MA). 


MIL-STD-1772 Qualified 


40 Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313 


WEST: 

30423 Canwood St., 
Suite 212 

Agoura Hills 

CA 91301 

Tel: 818-889-3827 
Fax: 818-889-8215 


EDN November 10, 1988 


U.K.: JAPAN: 
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Middlesex Tokyo 542, Japan 
UB2, 5NH, U.K. Tel: 797-5251 

Tel: 571-9596 Telex: 781-24335 
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Fax: 571-9439 
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Squeezing the utmost efficiency out of a con- 
verter requires some finesse, some witchcraft, 
and some luck. 


are micropower components) minimize dissipation in 
the Q,/ballast-resistor combination. 

Q,’s gate bias, tapped from the output divider string, 
produces about 15V at its source. IC, compares the 
sealed divider output with the LT1004 reference. The 
error signal (IC;’s output) drives the optocoupler, 
which operates at low levels, saving power. The opto- 
coupler’s output pulls down on the Vc pin to close the 
loop. Frequency compensation at the Vc pin and IC, 
stabilizes the loop. 

Transformer and optocoupler restrictions impose 
limitations on the common-mode breakdown perform- 
ance in Fig 8’s converter. Isolation amplifiers, certain 
transducer measurements, and ESD-sensitive applica- 
tions require high breakdown capability. In addition, 
very precise floating measurements such as signal con- 
ditioning for high-impedance bridges can require ex- 
tremely low leakeage to ground. 


1N4148 


PRIMARY 


» PIEZOCERAMIC 
+ TRANSFORMER 


1N4148 


You need to take a different design approach to 
achieve high common-mode voltage capability with 
minimal leakage. Some feel that a magnetic approach 
is the only viable way to achieve the isolated transfer 
of appreciable amounts of electrical energy. That idea 
is simply not correct: You can employ ceramics to solve 
the high-energy/low-leakage problem. In fact, the high 
voltage breakdown and low electrical conductance asso- 
ciated with ceramics surpasses the isolation character- 
istics of magnetic approaches. In addition, the acoustic 
transformer is a simple device. 

You can form the transformer by bonding a pair of 
leads to each end of the ceramic material. In such a 
simple structure, the insulation resistance can exceed 
1012Q,, and primary-secondary capacitances can meas- 
ure in the 1- to 2-pF range. The resonant frequency 
is a function of the material and its characteristics. 
You can think of the device as a high-Q resonator 


NOTES: 

“1% METAL FILM RESISTOR 
PIEZOCERAMIC TRANSFORMERS ARE 
FROM CHANNEL INDUSTRIES INC 


10V FLOATING 
OUTPUT 


0.001 pF $1.5M* 


FLOATING 
O OUTPUT 
COMMON 


Fig 9—A ceramic-based design approach proves to be a viable way to achieve the isolated transfer of appreciable amounts of electrical energy. 
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FINALLY, A SYSTEM 


THAT MEASURES UP. 


THE XD/P HIGH DENSITY CONNECTOR SYSTEM. 


capability help produce the tightest 
end-to-end tolerance in the business. 
All this while maintaining full signal 
integrity of fast switching 
logic systems and low 
insertion/extraction force 
(typically 1.5 oz./0.5 oz.). 
You can control imped- 
ance by selecting the 
length, type and place- 
ment of the contacts. 
HIGH DENSITY PLUS HIGH 
PERFORMANCE 

The XD/P* two-piece 
high density connector 
system also provides for 
all types of packaging 
system designs. 

Standard designs 
include three and four 
rows of contacts on a .100” grid, in 
one-, two- or three-cell configura- 
tions with as many as 684 positions. 


Now you can get higher density 
and higher performance in all of your 
board-to-board interconnections. 
Our XD/P™ Extended Density/ 
Performance two-piece PCB 
connector system offers you 
benefits that you just can’t get 
with other connectors. 

For example, our Flex-Fit™ 
double compliant pin contact 
provides a solderless, gas-tight 
pressure termination between 
pin, multilayer hole plating and 
internal circuits. This means 
faster installation, reduced 
assembly costs and front and 
rear repairability. 

In addition, our unique dual- 
opposing beam female recep- 
tacle contact provides superior 
contact wipe and depth engagement. 

New, state-of-the-art materials 
coupled with superior molding 


Flex-Fit™ double 
compliant contact 


Also offered are eight contact 
Styles and 16 plating options. 

In addition to pin and receptacle 
connector assemblies, we offer 
backplane shrouds, hardware, 
accessories, and a complete 
application tooling package, from 
simple hand tools to fully auto- 
mated presses. 

The XD/P™ high density con- 
nector system lets you expand your 
imagination. See how it measures 
up. 70 get our new XD/P™ system 
catalog, simply wnite or call: 
Thomas & Betts Corporation, 
Electronics Division, 1001 Frontier 
Road, Bridgewater, NJ 08807; 
(201) 685-1600. 


Thomasé8etts 
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You got it! Logic Devices. We’re currently the 
one supplier whose SCSI bus controller is 
compliant with MIL-STD-883C, Class B. The 
only one. 
That means SCSI isn’t just forcommercial- s_—s$§s = 
grade personal computers anymore. Because 
now you can put this high-performance architec- 
ture to work in your military designs, where 53C80 
and 5380 controllers have quietly been setting standards. 
For a copy of our CMOS SCSI data manual and 
military product guide, call toll free 1-800-851-0767 
(in CA, 1-800-233-2518). Or write: Logic Devices, Inc., 
628 E. Evelyn Ave., Sunnyvale, CA 94086. Telex 172387. 


L53C80DMB-2 


e Asynchronous transfer rates up to 2 Mbytes/sec over the full 
military temperature range. 


e The only pin-compatible replacement for the NCR53C80. 
L5380DMB-2 


e Asynchronous transfer rates up to 2 Mbytes/sec over the full 
military temperature range. 


e CMOS pin-compatible replacement for the NMOS NCR5380. 
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similar to a quartz crystal. You must design drive cir- 
cuitry to excite the device in the positive-feedback path 
of a wideband gain element. 

In this design, unlike a design using a crystal, you 
must configure the drive circuitry so that a substantial 
amount of current passes through the ceramic, and you 
must maximize power in the transformer. In Fig 9, 
the piezoceramic transformer is in the LT1011 
comparator’s positive feedback loop. Q; serves as an 
active pull-up for the open-collector LT1011 device. 
The 2-k(./0.002-~F path biases the LT1011’s inverting 
input. : 

Positive feedback occurs at the transformer’s reso- 
nance frequency, and oscillation commences. The trans- 
former, like a quartz crystal, has significant harmonic 
and overtone modes. The 1000/470-pF damper circuit 
suppresses spurious oscillations and mode hopping. The 
transformer appears as a highly resonant filter to the 
resultant wave that it propagates internally. The trans- 
former’s secondary voltage is sinusoidal. 

The transformer also provides some voltage gain. 
The diode and the 10-yF capacitor convert the secon- 
dary voltage to de. The LT1020 low-quiescent-current 
regulator provides a stabilized 10V output. This con- 
verter has an output-current capability of only a few 
milliamps, but you can improve this performance by 
devoting more attention to transformer design. 
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Delta or Aorta? Which is Which? 


No problem here because both of these images 
were processed on Raytheon’s new TDU-850 
Thermal Display Unit. 


The TDU-850 is the only thermal recorder to 
display true grey levels (not mere halftone 
representations) at such high speeds and 
resolutions. Utilizing 203 dots per inch, the 
unit offers 64 grey levels and can provide 256 
grey levels through the use of super pixels. The 
TDU-850 is your assurance of high quality 
images. Standard units about $5,000. (Slightly 
higher overseas). RS-170 video and IEEE-488 
computer interfaces are available. 


When you must know what you’re looking at, 
look for equipment that knows what to look for. 
For details call or write Marketing Manager, 
Recorder Products, Raytheon Company, 
Submarine Signal Division, 1847 West 

Main Road, Portsmouth, RI 02871-1087. 
Phone: (401) 847-8000. 


Raytheon 


A. Satellite view of river delta. B. Arterial angiogram. 


Note: These began as continuous tone images which were processed in black and grey by a 
TDU-850. The TDU-850 images, however, had to be converted to conventional halftones in 
order to be shown in this magazine. Thus the high quality of the original TDU-850 images 
have been obscured. For true results ask to see a demonstration. 
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A World First - for electronics 


Great resources are always brought to bear 
on the production of integrated circuits and 
other “intelligent” components. Well its 
our job, at Ericsson to see to it that the so- 
lutions in the resistor area keep in step. For 
this reason we work on producing smart 
solutions in terms of resistors. We call these 
Erisistor resistor networks. 

Erisistor is more than a component, its 
a PC-based system where you can specify, 
design, order and let manufacture resistor 
network solutions combining the economy 
of discrete resistors with the flexibility of 
fully customized solutions. 


the irresistable resistor 


ERICSSON 2 


Ericsson Components AB 
P.O. Box 98 
S-563 00 Granna 
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industry designers. 


A.I.M. ELECTRONICS 
376 Churchill, Suite 108 
Ottawa, Ontario 

Canada K1Z 5C3 


ARS MICROSYSTEMS LTD. 
Doman Road 

Camberley, Surrey 
GU153DF United Kingdom 


GTS ENGINEERING 

5 Porters Avenue 

Eden Terrace 
Auckland, New Zealand 


JEROME & FRANCIS CO. LTD. 
1869 Welch 

No. Vancouver, B.C. 

Canada V7P 1B7 


KENELEC (AUST) PTY. LTD. 
48 Henderson Road 
Clayton, Victoria 

Australia 3168 

MACROTRON AG 
Stahlgruberring 28 

D-8000 Miinchen 82 
Germany 


If you want to see the real screens . . . 
contact one of our distributors. 


MEDEA SRL 

Via L. da Vinci, 143 

Trezzano sul Naviglio (Milano) 
Italy 


SAINTEL 

LOree d’Ecully 

Chemin de la Forestiere 
69130 Ecully, France 


SILICON INSTRUMENTATION 


705 Sims Drive #05-04 
Shun Li Industrial Complex 
Singapore 1438 


SIMAC ELECTRONICS BW. 
High Tech Park 

5503 HP Veldhoven 

The Netherlands 


SIMAC ELECTRONICS BW. 
Vijfhoekstraat 36 

1801 Peuti 

Belguim 

SOLUSTAN, INC. 

320 Odhav Road 
Ahmedabad 382410 

India 


TOPWARD ELEC. INSTRUMENTS CO. 
No. 26, Gong 4th Road 

Linkou 2nd Industrial Park 

Taipei Hsien, Taiwan 


TRACO ELECTRONIC AG 
Jenatschstrasse 1 

CH-8002 Zurich 

Switzerland 

UNIVERSAL INSTRUMENTS CO. 
Room 1408, Guardian House 

Oi Kwan Road 

Wanchai, Hong Kong 


YA-MAN LIMITED 
4-]3-4 Hachobori 
Chuo-ku, Tokyo 104 
Japan 
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Now benchpress 
400 MHz. 
Easy. 


Arium introduces The Tool for your bench. 
The 400 MHz logic analyzer at a price you can 
handle as easily as the ML4400 handles multiple 
pods simultaneously . .. starting at $5495. 

Arium does it again. 

We just redefined high-end logic analyzers in 
terms of low-end cost. With the 8/16/32-bit 
ML4400, you can combine up to four independent- 
clock cards (user-selectable) to get 16 channels at 
400 MHz, 64 channels at 100 MHz (synchronous), 
or 160 at 50 MHz (synchronous). That means you 
can now handle full-speed 68030s or 80386s, as well 
as 68020s and 8086s. And, uniquely, up to four dif- 
ferent microprocessors, simultaneously. That’s speed 
our competition can't catch up with. Now for ease 
of use. 

Easy. Redefined. What does ease of use mean 
to you? If tt means: Single key menu access to all 


rue Te BABAR Har 
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screens. Complex triggering (Boolean, multilevel, 
repeat functions) with cross-triggering between state 
and timing, and between pods. Cross-time stamping. 
Transitional timing. All software resident .. . Then, 
you ll find them all, and more, in the ML4400. 

Why Arium? How can Arium be the first to put 
this much low-cost power on your bench? Because 
we ve always been first, ever since we redefined per- 
formance/price logic analyzers with our ML4100. 
When will the competition catch up with the per- 
formance/price of our new ML4400? Don’t hold 
your breath. 

For more data on the new ML4400, as well as 
on our family of Arium 8/16/32-bit logic analyzers 
at prices as low as $2895, contact ARIUM CORPO- 
RATION, 1931 Wright Circle, Anaheim, CA 92806- 
6052. Telephone 800/TO-ARIUM eTlEl;. ' 
(800/862-7486), (714/978-9531 in CA). 4 


Arium does it again! 
See Us at WESCON ’88 Booth #3069 
CIRCLE NO 215 
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Introducing the NCR 2208. The one, and only 40- 
column printer that has the functionality of two. 

And that’s twice as good because now one printer 
can handle just about any retail transaction. Three 
print modes and 90° font rotation provide horizontal 
receipt printing as well as horizontal and vertical slip 
printing. This makes the 2208 the first printer in the 
world that can handle both EFT and credit 
authorizations with equal ease. 

You also get more design flexibility. The 2208 is 
available in either a standalone unit or as a print 
mechanism only. And both configurations are 
lightweight and offer an extremely small footprint. 

And when you use one printer to do the work of 
two, you can reduce your inventory and 


service— practically in half. 

The final point of comparison—cost. Obviously 
buying one printer is better than buying two. It’s 
like getting one printer free. And that gives you 
either better margins or more aggressive pricing on 
your systems. 

The only thing that could make this printer 
better is that it’s from NCR-the world’s leader 
in POS products. 

If you’re looking for a way to be twice as good 
as the competition, call the NCR Technology 
Marketing Division at 1-513-445-7443 for a 
demonstration. The new 2208 Slip/Receipt 
Printer—only from NCR. 


BN/CirR 
Crediing- rate 


NCR is the name and mark of NCR Corporation. 
© 1988, NCR Corporation. 
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The registered PROM 


Design Feature 


can replace PALs 
in large state machines 


| Df yowre wrestling with a sequential logic 

design, the RPROM might help you over- 
come the product-term restrictions of PALs. 
An RPROM compiler available from the 
author can simplify incorporating these de- 
vices into your designs by translating your 

machine code into a bit map for program- 
‘ming the PROM. | 


Christopher Mercer, Nixdorf Computer 


Designers tend to neglect the registered PROM 
(RPROM) when constructing sequential digital sys- 
tems. Instead, they turn to PALs and the newer mi- 
crosequencer-based devices (Refs 1 and 2), both of 
which were designed with these types of systems in 
mind. But in some sequential design systems, such as 
bit-rate adapters, the RPROM is the chip of choice. 
In these and other applications, logic designers should 
give RPROMs a chance. 

The RPROM’s main advantage over the PAL is its 
capability to implement a large pool of product terms. 
A PAL typically has 10 product terms for each pro- 
grammable-array output. But you can create 24 logic 
combinations with an RPROM with “A” address lines, 
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and these logic combinations can simulate significantly 
more than 10 product terms per PROM output. The 
PAL is perfect for implementing state machines with 
as many as 20 states, but you'll have to do some logic 
juggling to create machines with more than 20 states. 
An RPROM can readily implement state machines with 
hundreds of states. 


Different means for different machines 


Fig 1 shows the internal architectures of three de- 
vices for designing sequential machines. The first, Al- 
tera’s EP310 (Fig la), is an erasable version of the 
industry-standard 16R8 PAL. The EP310 has nine 
product terms for each output of the programmable 
array, plus feedback loops from each of the eight output 
macrocells. In addition to four output macrocells and 
four output registers, AMD’s 2388 PAL contains six 
buried registers, letting you implement machine states 
without using up valuable output pins (Fig 1b). The 
2388 has six to 12 product terms for each array output 
and is well suited for implementing multiple small state 
machines synchronized to the same clock. Both PALs 
are 20-pin devices. 

The 2735 1k x 8-bit RPROM comes in a 24-pin pack- 
age (Fig lc). The device has eight outputs and 13 
useful inputs: 10 address lines, a word initiate line 
that can be used to reset the RPROM to a prepro- 
grammed state, a clock line, and either a synchronous 
or an asynchronous output enable line. Although the 
RPROM is less flexible than either of the PALs for 
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The RPROM’s main advantage over the 
PAL is its capability to implement a large 
pool of product terms. 


decoding logic equations and implementing a variety 
of small state machines, its 1k-byte memory space is 
capable of storing a huge pool of logic combinations for 
realizing large state machines. 

Currently, the byte densities for commercially avail- 
able RPROMs range from 512 to 8k bytes; however, 
the number of available outputs, eight, places a restric- 
tion on the number of state variables. For example, 
each state variable in the synchronous Moore machine 
requires a feedback loop from one of the outputs to 
one of the input address lines (Ref 1 and 2). An 
RPROM with six state variables can provide only two 
output lines. Since the RPROM described above has 
10 address lines, it can store all 16 combinations of the 
remaining four address lines. Therefore, the RPROM 


| PROGRAMMABLE AND ARRAY | PROGRAMMABLE AND ARRAY MABLE AND ARRAY 


& OUTPUT ie 


6 
BURIED 
REGISTERS 


INITIAL CLOCK 


(c) 


can use any of the state variables with any of the 24 
input combinations. This capacity would be doubled 
with a 16-output RPROM; but, unfortunately, they are 
not commercially available. 

To get around the eight-output restriction, you could 
construct a discrete 16-output RPROM by using a 16- 
bit PROM and some external registers. In selecting 
these devices, you must make sure that they meet 
your application’s speed requirements (see box, “Calcu- 
lating the speed of an RPROM”). You could also ex- 
pand the number of outputs by operating two RPROMs 
in parallel. But, because the two devices must commu- 
nicate with each other, this procedure will not double 
the number of available outputs. 

To efficiently design state machines using RPROMs, 


INPUTS CLOCK 


PROGRAMMABLE AND ARRAY 


MACROCELLS 


OUTPUT 
ENABLE 


Esyne EasyNc 


Fig 1—Three state machine devices have different internal architectures. Altera’s EP310 has eight output macrocells with nine product 
terms for each array output (a). AMD’s 23S8 PAL contains four output macrocells, four output registers, and six buried registers; there 
are six to 12 product terms for each array output (b). The 1k x 8-bit storage space of the 2735 RPROM can create a huge pool of product 
terms (c). 
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you need an RPROM compiler that translates your 
machine code into a bit map for programming the 
PROM. You can obtain one from the author for a small 
fee to cover the media, postage, and handling. The 
RPROM compiler is written in C on an IBM-formatted 
disk and compiled with Microsoft’s C compiler (version 
5) on an IBM PC/AT-compatible computer. The source 
code is portable, but portability is not guaranteed. 
You must input three types of parameters when us- 
ing the RPROM compiler: 
e@ The definitions for the input and output pins 
@ The next-state definitions, which go into a switch 
statement 
@ The output-state definitions, which also go into 
a switch statement. 
The program is best described as a block that con- 
tains all of the state machine definitions. This block 
generates all of the possible address combinations for 


producing a bit map for the PROM. The small main 
module uses the following special functions: 

® stategen(), which generates the transition table 

for the next state 

® outputgen(), which generates the state-machine 

outputs 

@ dectobin(), a decimal-to-binary converter used by 

the stategen() and outputgen() functions 

@ hextobin(), a hexadecimal-to-binary converter 

used by the stategen() and outputgen() functions 

@ jedhed(), which generates the JEDEC file 

header. 

The main variables in the program are statar(6), 
which contains the current state variable; OUT- 
PUT(DATWIDTH), which contains the current output; 
and binum(ADDWIDTH), which represents the ad- 
dress inputs to the RPROM. The program produces a 
JEDEC file in ASCII binary-code 3 format suitable for 


Calculating the speed of an RPROM 


The response times of the 
RPROM and any surrounding cir- 
cuitry affect the clocking speed 
of a sequential circuit. When 
choosing an RPROM for a state 
machine design, you should con- 
sider the factors that limit its 
clocking speed: the minimum ad- 
dress-set-up time and the maxi- 
mum clock-to-output delay time. 
AMD’s AM27S835A-C is one of the 
fastest RPROMs around and 
Specifies a minimum address time 
of 35 nsec and a maximum clock- 
to-output delay of 20 nsec. 

The circuit configuration is also 
a factor in speed calculations. 
How you use the RPROM affects 
how you calculate the maximum 
operating speed. If you use the 
AM27835A-C in a feedback ar- 
rangement, such as in the exam- 
ple presented here, you can de- 
termine the minimum clock pe- 
riod by adding the minimum ad- 
dress time and the maximum 
clock-to-output delay time. Thus, 
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the minimum clock period is 55 
nsec, corresponding to a maxi- 
mum operating speed of 18 MHz. 
Sometimes peripheral logic cir- 
cuitry imposes additional con- 
straints on the minimum clock pe- 
riod. Fig A illustrates a condi- 
tional feedback loop that depends 
on the input data to an external 
logic gate. In this case, the maxi- 


EXTERNAL LOGIC 


MAXIMUM MINIMUM 
PROPAGATION 


DELAY = 15 NSEC TIME = 35 NSEC 


ADDRESS — SET-UP 


mum gate delay must be added 
to the two RPROM speed-setting 
parameters to obtain the mini- 
mum clock period. Assuming a 
maximum gate delay of 15 nsec 
for the input logic gate, the mini- 
mum clock period increases to 70 
nsec, corresponding to a maxi- 
mum operating speed of 14 MHz. 


AM27S35 RPROM 
ie 1k x 8-BIT Bie 
ROM 


8-BIT 
REGISTER 


CLK 


STATE 
VARIABLE 


MAXIMUM CLOCK-TO-DATA 
DELAY = 20 NSEC 


Fig A—The propagation delay of any external logic circuitry must be added to the 
minimum address-set-up time and the maximum clock-to-output delay in order to deter- 


mine the minimum clock period that can operate the circuit. 
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SPARES 


Fig 2—You can implement a transmitter 
and a receiver that adapt the bit rate of a 
data stream by using two 27385 RPROMs. 
Spare inputs can be used as speed-select 
lines. 


downloading to the IODATA PROM programmer. 
Other formats are possible by using jedhed(). 

To illustrate the use of RPROMs in a state machine, 
consider the example of a bit-rate adapter that alters 
the speed of a serial bit pattern from 9.6k to 64k bps 
for data transmission. The transmitter sends a 40-bit 
frame containing the 9.6k-bps data and frame synchro- 
nization bits. The receiver included in the design recon- 
structs the original 9.6k-bps data from the 64k-bps bit 
stream. The receiver must search the transmitted data 
for the synchronization characters in order to lock onto 
the frame and decode the original data. 

You can implement the transmitter and receiver for 
the bit-rate adapter by using a 1k x 8-bit RPROM for 
each function (Fig 2). In the bit-rate adaptation 
scheme, a 40-bit frame is organized into five bytes (Fig 
3), and a 64-kHz clock sequentially transmits each bit 
in the pattern, beginning with bit 0. The bits labelled 
“PD” in the data pattern represent 9.6k-bps data. If you 
allocate the first two bits of each byte as data slots, 
the transmitter adapts the bit rate from 16k to 64k 
bps. But, by filling only three of every five available 
data slots with data, the transmitter adapts the bit- 
stream rate from 9.6k to 64k bps. The scheme also 
works with a 128k-bps clock that is gated with an 8-kHz 
signal. Using this clock arrangement, the transmitter 
adapts the data to the synchronous B channel inputs 
for basic access to ISDN. 

The state machine diagram for the transmitter is a 
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CLOCK 


146 READY 


RESET of initia 


SPARES 


TRANSMITTER RECEIVER 


loop with 40 states (Fig 4). The transmitter assembles 
the 40-bit frame by inserting the synchronization bits 
and the data bits into the appropriate slots. The syn- 
chronization bit pattern must, of course, be unique; it 
is inserted in states Sgq through Sg9g. When the loop 
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ie B7 
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B32 B39 
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Fig 3—The 9.6k- to 64k-bps bit-rate adapter uses a 40-bit frame 
organized into five bytes. The first two bits of each byte are available 
for data. The scheme adapts the bit rate by inserting data into three 
of every five available data slots. Six bits are used for frame synchro- 
nization. 
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BYTE 3 
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ce 
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To efficiently design state machines using 
RPROMS, you need an RPROM compiler 
that translates your machine code into a 
bit map for programming the PROM. 


repeats, or when an external reset occurs, the machine 
jumps to state So. Listing 1 shows a program listing 
of the transmitter state machine using the RPROM 
compiler. 

The receiver design is slightly more complex. First, 
states So through Ss of the receiver state machine 
search the incoming bit pattern to locate the synchroni- 
zation bits (Fig 5). Once the state machine establishes 
the synchronization pattern, subsequent states that 


Peiac = 1 
Sout = Sin 


Si 


Prac = 0 
Sout = Sin 


Priag = 0 
Sout <= 0 


S32 


— 


place the Ready line high decode the data bits. States 
Sse through S45 check the synchronization bits on each 
received frame to verify that the receiver is locked 
on the frame. Since the state machine must first locate 
the synchronization bits, the received frame begins 
with these bits and must default to state Sg at the end 
of each frame. 

You can enhance the design by transmitting addi- 
tional data in the spare slots of the 64k-bps data stream 


Priaa = 0 


Sout = 9 


Fig 4—The transmitter’s 40-state state diagram sets the Pr_ag line high for each state that contains data. It inserts the synchronization 


bits in states Sg, through S3g and all states have a reset to So. 
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outputs of commercially available 
s place a restriction on the num- 
state variables. 


as long as the data do not clash with the synchroniza- 
tion pattern. For example, you could use the three 
spare inputs on the transmitter section to provide the 
receiver with automatic speed detection. The three 
spare inputs could transmit data at an additional eight 


Sout = Sin 
READY = 1 


Sout = Sin Sout = Sin 
READY = 1 READY = 1 


speeds. A problem arises at the receiver end, however, 
since there aren’t any spare outputs for relaying this 
information to a peripheral device, such as a UART. 
This problem could be solved by running two 
RPROMs in parallel at the receiver end to create the 


Sout = Sin 
READY = 1 


Fig 5—In the receiver’s 46-state state diagram, states Sg through Ss locate the frame synchronization bits. The subsequent states set the 
Ready line high wherever data bits are present. The synchronization bits for each frame are checked by states So through S45. S45 loops 
back to state Sg if the frame synchronization bits are detected. All states return to state Sg upon a reset signal. 
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An RPROM in combination with a PAL 
can create a potent macline. 


additional outputs. A more powerful method for solving 
the problem is adding extra states to the receiver state 
machine that operate on the additional information. 
You can then attach a PAL to the state variable lines 
to decode the information for use by a peripheral. Com- 
bining these two devices, an RPROM and a PAL, can 
create a potent machine. 
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Mailing address 


For a copy of the RPROM compiler, please mail your 
requests to: Christopher Mercer, Heese Strasse 9A, 1000 


_ RATE ADAPTION TRANSMITTER STATE MAC 


/* general definitions */ 
#define datfil jae ae 
#define TRUE 1 
#define FALSE oO. 
___ #define ADDWIDTH 16 se 
_ #define ADDSIZE 20 | = 
_ #define DATWIDTH 8 | |. 
[State machine variables) 
| =f ipeus : 
___- #define SIN *(pfbinum) - 
#define BBB"(pfbinum-+1) 2 - 
CC’ (pfbinum e 


eles eee *(pfbinum 4 6) - | _ . 
_ #define PS4* eae +7)  - 


édefine PFL 
#define SOUT : 
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LISTING 1 
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72:MAG90392. 
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Article Interest Quotient (Circle One) 
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LISTING 1 chia 


char *msg7="'LO000”’; 
int statar[6]; 

int OUTPUT[DATWIDTH]; 
int dind; 

double NEXTSTATE; 


MAIN() 


int INPUT[11], * PINPUT, * poutput,binum[ADDWIDTH]; 
int BADDRESS,index,p =0 

int *pstatar; 

long int ADDRESS; 

int *pbinum; 

double stat; 

FILE ‘ip 1: 

fp__1 = fopen(‘‘prom5.jed”’,‘‘w’’); 


pbinum=binum; 
pstatar=statar; 
PINPUT=INPUT; 
poutput=OUTPUT; 
dind=0; 


for (index=0;index<6;index++) 
statar[index]=0; 

for (index=0;index< ADDWIDTH;index++) 
binum{[index]=0; 

for (index=0;index< 8;index++) 
OUTPUT{index]=0; 


putc(‘\ x02’ fp__1);/*STX*/ 
for (ADDRESS=0x000;ADDRESS < 0x400;ADDRESS++) 


for (index=0;index <6;index++) 
statar[index]=0; 

for (index=0;index < ADDWIDTH;index++) 
binum[index]=0; 

for (index=;index < 8;index++) 
OUTPUT[index]=0; 


hextobin(ADDRESS,binum) ;/*convert ADDRESS from hex nu 


stategen(binum) ;/*generates next state table */ 
outputgen(binum) ;/*generates output table */ 


putc( 8 fp__1) ; 

p++; 

for (index=0;index < 8;index++) 
fprintf(fp__1,‘‘Yod’’, *(poutput + index)); 


p=0; 
puic( \r jp__1) ; 
putc( \n fp__1) ; 


}/*for’/ 
putc(‘\x03’,fp__1) ;/*ETX*/ 
fcloseall(); 

}/*main*/ 


dectobin(m) 

/“inputs the decimal number m, then converts it to binary. 
The pointer to the binary string is passed to the 
function by the caller. 

*] 


double m; 


extern statar[],dind; 
double n; 

int *pstatar; 

int testc,zz,index; 
double z,d; 
unsigned int yy,y:; 


pstatar=statar; 

for (index=0;index<6;index++) 
statar[index]=0; 
for(index=0;index < 6;index++) 
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LISTING 1 (Continued) 


if (m==0) break; 

z=(m/2.0) ; 

zz=(int) Z; 

n=modf(z,&d) ; 

n=10*n; 

if (n==) *(pstatar+index)=0; 
else *(pstatar+index)=1; 
m=(double) zz; 

if (Zz==0) break; 


} 


hextobin(hexnum, fbinum) 

/*converts a 4 digit hex number to its equivalent 16 bit 
binary string, hexnum is a hex integer and fbinum is treated as a 
character array. fbinum is passed as a pointer. */ 


long int hexnum; 
int fbinum{]; 
{/*start function */ 
int n,m; 
int *pfbinum,p,shdigit; 
int hdigit; 
extern dind; 


pfbinum=fbinum; 
m=0; 
for (n=0;n<4;n++) 
-{/* start for n*/ 
switch (n) 
{/* start switch*/ 
case 0 : hdigit= (int)(hexnum << 12);hdigit 
default:printf(‘‘error1 \n’’); 
‘/*end switch*/ 


shdigit=(int) hdigit; 


switch (shdigit) 
{/*start switch */ 
case 0x0:*(pfbinum + m)=0;*(pfbinum +m + 1)=0;*(pfbinum + m+ 
case 0x1:*(pfbinum + m)=1;*(pfbinum + m + 1)=0;*(pfbinum +m + 
case 0x2:*(pfbinum + m)=0;*(pfbinum + m+ 1)=1;*(pfbinum +m + 
case 0x3:*(pfbinum + m)=1;*(pfbinum +m + 1)=1;*(pfbinum +m + 
case 0x4:*(pfbinum + m)=0;*(pfbinum + m+ 1)=0;*(pfbinum +m + 
case 0x5:*(pfbinum + m)=1;*(pfbinum + m + 1)=0;*(pfbinum + m+ 
case 0x6:*(pfbinum + m)=0;*(pfbinum + m + 1)=1;*(pfbinum + m+ 
case 0x7:*(pfbinum + m)=1;*(pfbinum +m + 1)=1;*(pfbinum +m + 
case Oxfff8:*(pfbinum + m)=0;*(pfbinum +m + 1)=0;*(pfbinum 
case Oxfff9:*(pfbinum + m)=1;*(pfbinum + m + 1)=0;*(pfbinum 
case Oxfffa:*(pfbinum + m)=0;*(pfbinum + m + 1)=1;*(pfbinum 
case Oxfffb:*(pfbinum + m)=1;*(pfbinum +m + 1)=1;*(pfbinum 
case Oxfffc:*(pfbinum + m)=0;*(pfbinum + m + 1)=0;*(pfbinum 
case Oxfffd:*(pfbinum + m)=1;*(pfbinum + m + 1)=0;*(pfbinum 
case Oxfffe: *(pfbinum + m)=0;*(pfbinum + m+ 1)=1;*(pfbinum 
case Oxffff:*(pfbinum + m)=1;*(pfbinum + m + 1)=1;*(pfbinum 
default:printf(“error2 \n’’) ; 
}/*end switch*/ 

m=m+4; 

‘/*end for n*/ 

‘/*end function*/ 


stategen(fbinum) 

/*generates the state transition table for NEXTSTATE. 
NEXTSTATE is then stuffed into the array OUTPUT. 

a 

int fbinum{]; 


{ 

int *pfbinum,STATE,n; 

extern OUTPUT[],dind,statar{]; 
int *poutput, *pstatar,index; 


poutput=OUTPUT; 
pfbinum=fbinum; 
pstatar=statar; 


STATE =PS0+ (PS1 *2) +(PS2*4) + (PS3*8) + (PS4* 16) + (PS5*32); 
switch (STATE) 
a 
case 0: 
NEXTSTATE=1;break; 


case 1: 
NEXTSTATE= 2:break; 


Listing continued on page 240 
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Unparalleled = High-Density 
Speed. Choices. 


You're constantly in need of higher performance, and For high density choices and unparalleled speeds, 
Mitsubishi delivers. First with 35ns, 256K static RAMs, Mitsubishi Electronics technology leadership in SRAM per- 
Mitsubishi Electronics is now introducing a family of 25ns, formance can help you take your designs into the future. For 

256K SRAMs. more information, call or write: Mitsubishi Electronics Amer- 
2? Ls) / And, for even faster systems, we're __ ica, Inc., Semiconductor Division, 1050 East Arques Avenue, 
Gae Ns also introducing 15ns, 64K SRAMs. Sunnyvale, CA 94086. (408) 730-5900. ' 


|. With speeds like this, you can start 

making tomorrow’s designs a reality. Sooner 

than you thought. MITSUBISHI STATIC RAMS 
Mitsubishi offers not only the speeds 

you need, but also the packaging options: 

standard DIP and skinny DIP for through- 

hole applications, SOJ and SOP for surface 

mount applications. 


| : PACKAGE c 
ACCESS TIME (ns) ~ OPTIONS* 


era RGANIZATION PART NO. 5 20 25 35 45 55 70 85 100 120 150/PDIP SOP SOJ VSOP 
16K x 1 M5M21C67 
4Kx4 M5M21C68 


miiar: 5 64K x 1 M5M5187 


ete 
aKx8 STE RE | SR Aa 
8K x9 M5M5179 


M5260 (OE 


For even higher density, Mitsubishi 
pioneered the Very Small Outline Package 


(VSCP) that’s less 
than half the size of | 256K 
the standard SOP. 


—_— (CS/CS) 
And, right now, : fe i 


we're introducing 32K x 8 static RAMs inthis *PDIP: Plastic DIP. SOP: Small-Outiine Gul: ‘Wing SOJ: Small-Outline J-Lead SOP: Very- ‘Small Chine radece 
high density package. Products subject to availability 


MITSUBISHI 
Quality Through Commitment. ELECTRONICS 
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Regional Offices: SOUTH CENTRAL, Carrollton, TX (214) 484-1919 | NEWENGLAND, Woburn, MA (617) 938-1220 SOUTHEAST, Boca Raton, FL (407) 487-7747 
NORTHWEST, Sunnyvale, CA (408) 730-5900 | NORTHERN, Minnetonka, MN (612) 938-7779 MID-ATLANTIC, Piscataway, NJ (201) 981-1001 CANADA, St. Laurent, Quebec, (514) 337-6046. 
SOUTHWEST. Torrance, CA (213) 515-3993 | NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223. | SOUTH ATLANTIC, Norcross, GA (404) 368-4850 
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LISTING 1 > (continued) 


break; case 39: 
PFLAG = 0; 
SOUT = O;break; 
default:PFLAG = 0;SOUT = 0; 
/* switch*/ 


} 


jedhed(fp) 
FILE “fp; 


int index; 
char ch; 


pute (‘\ x02’, fp) ; 
for (index=0;index < 30;index++) 


ch=msg1[index] ; 
putc(ch,fp) ; 
if (ch=='\0’) break; 


} 

putc(‘\r’, fp); 

putc(‘\n’, fp); 

for (index=0;index < 30;index++) 


ch=msg2[index] ; 
putc(ch, fp) ; 
if (ch==‘\0’) break; 


} 

putc(‘\r’,fp) ; 

putc("\n’, fp) ; 

for (index=0;index < 30;index++) 


ch=msg3{[index] ; 
putc(ch, fp) ; 
if (ch=='\0’) break; 


j 

putc(‘\r’,fp) ; 

putc(‘\n’,fp) ; 

for (index=0;index < 30;index++) 


ch=msg4[index] ; 
putc(ch, fp) ; 
if (ch==‘\0’) break; 


} 

putc(‘\r’,fp) ; 

putc(‘\n’,fp) ; 

for (index=0;index < 30;index++) 


ch=msg65[index] ; 
pute(ch,fp) ; 

if (ch=='\0’) break; 
} 


ch=msg/7[index] ; 
pute(ch, fp) ; 
if (ch==‘\0’) break; 


} 
pute(*\r’,fp) ; 
putc(‘\n’,fp) ; 


#if 1 
chksum(fp) 
FILE “fp; 


int index; 

char ch; 

putc(‘\x03’,fp) ; 

for (index=0;index < 30;index++) 


ch=msg6[index] ; 
putc(ch, fp) ; 

if (ch=='\0’) break; 
} 


} 
#endif 
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IGBTs. The ,comparisons. 


ewes Power The choice is now obvious when you 
require both power and switching speed in 
your power systems. Insulated Gate Bipolar 
Transistors (IGBTs) offer both. 


BIPOLAR 
20007 DARLINGTON 


S 1000 Similar to Bipolar, IGBTs have high 
2 a conductivity with faster switching speeds 
g (tf=Q.5uS typ). And like MOSFETs, IGBTs 
sae have high input impedance/high speed with 
- lower on-resistance (as low as 8m). 
oe es a ee ee SO now, for applications like low-noise 
CURRENT (A) inverters and servo-motor drives, there really 
Compare Speed : isn't any reason to compromise. The solution 
you ve been looking for is available: IGBT. 
le The performance combination that doesn’t 
°'| DARLINGTON make you give up one thing to get another. 
Z 10 Leading the way, again, this time with 
ce the broadest line of IGBTs aay ere in in Le 
5 world. Toshiba. 


TOSHIBA AMERICA, INC. 


Semiconductor Products Division 


10° 10° 10° 10° 10’ 10° 
SWITCHING SPEED (Hz) 


Compare Selection 


IGBT (Insulated Gate Bipolar Transistor) Selection Guide 
MAXIMUM RATING 
CIRCUIT SYMBOL} Vces(V) oe CURRENT Ic (A) 
re Real biall Pe 7e | 100 | 180 
GT15H101t GT25H101+ GT50G101t . 
400V 
MG15H1BS1 | MG25H1BS* e ro 

GT15N101t 
MG15N1BS1 = oe BS1 


MG50H1BS1 


vs | i900 | tna 
——————E 


140082) 


N 


S 


tNon Isolated Type TO-3P Under Development 


TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 * (714) 455-2000. Regional Sales Offices: 
Western Region, (714) 455-2000; Central Region, (312) 945-1500; Northeastern Region, (617) 272-4352; Southeastern Region, (404) 368-0203. 
Distributed by: Marshall Industries, Cronin Electronics, General Components, !nc., Goold Electronics, ITT/Multicomponents * RAE Electronics (Canada only), 
Image Electronics, Ital Electronics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology. SPD-88-003 
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Austria 


se Your circuit specification — 


Denmark 


on - Philips custom hybrid capability. 


France 
(01) 4093 8057 
Germany 


(040) 3296-0 

Greece \ 
(01) 4894339 

Ireland 

(01) 693355 

Italy 

(02) 67522469 

Netherlands 

(040) 783749 

Norway 


(02) 680200 


Portugal 

(019) 683121 

Spain 

(03) 3016312 

Sweden 

(08) 7821000 

Switzerland 

(01) 4882689 
United Kingdom 
(01) 580 6633 


PHILIPS 
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Talk to Philips and put yourself in touch with the 
most comprehensive service for custom-made 
hybrid ICs. An outstanding combination of 
advanced technology, innovation, expertise and 
more than 25 years of experience. 


In touch with a choice of technologies 
As one of the world’s largest electronic 
component manufacturers we can 
draw on an extensive range of 
resources to meet your needs 
precisely and economically. 
These include the latest 
production facilities 
to manufacture 
hybrids in both 


Thick film 
is the cost- 
effective solution 
for rugged, dependable 
circuits required to operate 
over wide temperature ranges. 
Thin film is the technology for 
higher performance, higher component 
density hybrids. We can produce fine line 
resistor patterns down to 25 um and laser drilled 
through metallised substrate holes with 
diameters of only 0.3 mm, to allow very high 
circuit densities. 


In touch with tomorrow 

Choosing Philips means you also benefit from 
our large investments in research and 
development. For example, our new multi-layer 
thin film process is facilitating even denser 
component placement and is ideal for the 
interconnection of VLSI naked chips. 


In touch with total commitment 

Look no further than Philips for dedicated 
support and objective advice through every 

stage of your project. You will find it easy to get 
in touch with us; we have hybrid specialists in 
most European countries. For immediate service 
call one of our centres listed on this advertisement, 
or complete and post the coupon, today. 


Philips International BV, MC Department (Building BA), 
P.O. Box 218, 5600 MD Eindhoven, The Netherlands. 


Please send me full details of Philips Custom Hybrid ICs. 
My area of interest is: 

_] Wired communication _] Data processing 

(J Wireless communication [Aerospace 
_J Industrial automation |] Other(s) please specify 
|} Consumer applications 
_} Automotive 


_] Medical 
Name EDN 111088 


Position 
Company: 
Address 


For custom hybrid ICs 
The name is Philips 
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OSHIBA. THE POWER 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., Fate 737-9844, (503) 629-0818; 
SOUTHWESTERN REGION, Toshiba America, Inc., (714) 455-2000; SOUTH CENTRAL REGION, Toshiba America, Inc. (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT 
OFFICE, Fishkill, New York, Toshiba America, Inc., (914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; 
ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, 
(714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; FLORIDA, Sales Engineering Concepts, 
(813) 823-6221, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz, 
(314) 966-4977; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, Carlson Electronics, (319) 377-6341; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; 
LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric 
Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc. (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; 


IN MOS Ks. 


Toshiba has held the power in MOS ICs for 
years. The power of technological leadership in 
Static RAMs, 1MB DRAMs, ROMs and gate arrays. 
The power of production leadership in logic, 
MPUs and custom products. So who do you look 
to for the experience, the technology and the 
production capacity to lead the way into tomor- 
row? The people with the power. Toshiba. The 
#1 CMOS manufacturer in the world. 


TOSHIBA IS MEMORY POWER 
1MB mic RAMs 
If you are thinking powerful 
memory talk to TOSHIBA. 
We were the first to market with 
1MB DRAMs, and we are world 
leaders in volume production. 


Figh-density and High-speed Static RAMs 

Looking for high-density CMOS Static RAMs 
or high-speed Static RAMs? Look to Toshiba. 
We offer a full line of both. In byte-wide standard 
Static RAMs, we're leading the way with 64kB, 
256KB and 1MB products. We have X1, X4, X8 and 
x9 high-speed Static RAMs in 16KB through 256KB 
products. Our plans for future products will 
continue to emphasize leading-edge speeds in 
all densities. We already offer state-of-the-art 
l5ns devices at the 64KB density! 


ROMs 1n CMOS 
Toshiba ts currently producing and deliver- 
ing 1MB and 4MB CMOS mask ROMs in volume. 


EPROMs in NMOS and CMOS 
Toshiba introduced the world’s first 256K 
CMOS EPROM. We're now producing 512K and 1MB 
EPROMs in quantity to meet your needs. And 
we've recently introduced a flash EEPROM and a 
new line of high-speed 32K x 8 EPROMs that can 
accommodate an entire utility program. 


OTPs 
‘Toshiba has the broadest line of OTPs in the 
industry — 64K, 128K, 256K, 512K and 1MB devices. 
They're available in DIP or Surface Mount pack- 
aging, and they’e all available in volume. Now. 


®Z80 is a trademark of Zilog, Inc. 


ADVANCELL™ is a trademark owned by Toshiba or licensed from Siemens or General Electric Co., U.S.A. in 
certain countries. 


TOSHIBA IS MPU POWER 
When youre thinking system 
solutions, think Toshiba. We 
are the recognized leader in 
CMOS Micros and Peripherals. Our 1OMHz zs0¢ 
MPU, 8-bit Intel type micros, 68000 family, and 
proprietary 4-bit family offer you a broad range of 
solutions. And for more specialized system solu- 
tions, check our VLSI products like Speech, Disk 
Controllers, Graphics Chips and Telecom devices. 


TOSHIBA IS LOGIC POWER 

‘Toshiba has been a leader in CMOS logic 
production for over 18 years. We 
introduced the first high-speed 
CMOS logic series. Today we are 
® the acknowledged world leader in 
the manufacture of CMOS logic. And 
all our CMOS logic meets applicable JEDEC Specs. 

Our new 74AC series, for instance, has typi- 
cal prop delay times of 3. ons, and maximum 
clock frequencies of 150MHz. That’s twice as 
fast as the original 74HC series! 


TOSHIBA IS ASIC POWER 
‘Toshiba design centers have been set up, 
equipped and staffed to help you with your own 
ASIC designs. With the assistance 
of our capable applications staff 
and our new, proprietary 
VL-CAD II software, you can 
) develop your own advanced gate 
arrays up oe 00,000 gates at gate delays of only 
0.4ns. Or develop your own cell-based design 
of up to 70,000 equivalent gates using Toshiba’s 
internationally established Advancell™ cell library. 
‘Toshiba’s semi-custom families use 1.5 
and 1.0. CMOS processes to give you the 
competitive edge. And our cell-based Super 
Integration technique combines 280, 82CXX and 
specialty megacells with logic for true ““system- 
on-a-chip’’ ASIC solutions. 
‘Toshiba. The power in design, development 
and production. In DRAMs, SRAMs, Non-Volatile 
Memory, Logic, Custom and Semi-Custom. 


TOSHIBA AMERICA, INC. 


NEVADA, Elrepco, Inc., (41 ese -0660; NEBRASKA, D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, inc., (617) 891-4600; NEW HAMPSHIRE, ea Inc., (617) 891-4600; NEW JERSEY, Nexus- eeennnety, 


(201) 947- -0151; NEW MEX 
NORTH DAKOTA/SOUTH 

Components West, (503) 684- 1671: PENN 
(205) 830-0498; TEXAS, MIL-REP Associates, (512) 346-6 


A, rage Tech nology, (215) 67 
331, (713) 444-2557, Ota) 644-6731; UTAH, 


Steffen & Associates, (419) 884- -2313; WASHINGTON, Components West, (206 885- 5880, (509) 922- -2412: WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594: WY 


0, Summit Sales, (602) 998- -4850; NEW YORK, Nexus Technology, (201) 947- 0151: Pi-tronics, (315) 455- 7346: NORTH CAROLI NA/SOUT H CAROLINA, Montgomery Marketing, inc., erat 467-631 
DAKOTA, Electric Component Sales, (612) 933- 9594: reiay Nile & Associates, (216) 461-8333; A 884- 2313, ie) 293-3145; OKLAHOMA 
SYLVAN 600, Steffen & Associates, (412) 276-7366; RHODE 

Straube Associates atic Sure oe (801) 263- 2640: VERMONT, Datcom, Inc., (617) 8 91-4600; yOWNa St INIA, 
raube 


, MIL- = Associates, (214) 644 
AND, Datcom, Inc., (617) 891- 4600; T ENNESSEE, Montgomery Marketing, Inc., 


Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885- 5880: ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 592-3214: QUEBEC, Electro Source, Inc., 


(514) 630-7486. 
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FFT: Detailed distribution of noise and harmonic distortion vs. Using an Audio Precision system, a sine wave is digitized by 
input signal. Measurement of sample and hold and ZAD2716 A/D the ZAD-2716, then reconstructed by the ZDA-1801, and filtered 
converter only. Computer analysis receives digital information by Apogee’s 9445S linear phase filter. Graph shows combined 
from A/D converter (to avoid DAC reconstruction distortion). total harmonic distortion and noise vs. frequency. 


Introducing the worlds finest professional 
16-bit stereo digitizing subsystem and 18-bit 
deglitched reconstruction DAC. 


Want to position yourself at the leading edge of digital audio? Then hear this. 

Analog Solutions gives you a new family of professional audio products with confirmed “Golden Ear” performance using the 
industry's two most powerful test criteria. The eye. And the ear. 

If seeing is believing, you'll be impressed by the harmonic distortion and noise plots of our ZAD2716/ZSH202 digitizing 
subsystem (left) and ZDA1801 deglitched reconstruction DAC (right). Nobody’s ever seen plots like those before. 

But there's more to the story than a good plot. 

The ZAD2716-2 coupled with the ZSH202 Dual Sample-Hold can provide stereo digitizing 
at a 50 kHz sampling rate per channel. The ZSH202 allows simultaneous sampling of both 
channels within + 2 nsec with guaranteed —96 db/channel separation. And there's no sacrifice 
of phase linearity or sin x/x. In fact, we guarantee sin x/x performance of 001dB and phase 
linearity of 0.1 (degree) over 0 to 20 kHz. (Performance that brings a smile to any Golden Ear.) 
Cost savings are significant on a per channel basis, because you only need one converter 
for two channels. 

Our ADC is also available in a ZAD2716-1 model with integral sample and hold amplifier 
and 100 kHz sampling speed for 2X oversampling applications. 

Your needs extend over the entire audio spectrum. And that’s how our products are 
tested. We test the way theyre used. So we can guarantee signal-to-noise plus harmonic distortion of 92 dB over the entire 
0-20 kHz audio range. 

We maintain the same outstanding performance at the back end of your system with the ZDA1801. This 18-bit DAC, with a built-in 
deglitcher operating up to 200 kHz for up to 4X oversampling, offers guaranteed signal-to-noise plus harmonic distortion of 94 dB 
over the full audio range. 

In short, we've raised digital audio to new levels. 

Which should be music to your ears. 

And to every Golden Ear in the business. 

Find out more about our growing line of professional audio products. And learn how | 
we can help plot your success in a growing industry. ; z 

Please address Analog Solutions, 85 West Tasman Drive, San Jose, CA 95134. A subsidiary of Silicon General, Inc. 
Phone (408) 433-1900. FAX (408) 433-9308. CIRCLE NO 223 
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Design Feature 


Evaluate your 
ADC by using the 
crossplot technique 


You don’t need expensive or specialized test 
equipment to dynamically evaluate high- 
performance A/D converters. By perform- 
ing the crossplot bench-test technique—and 
interpreting the results correctly—you can 
determine how closely an ADC’s actual per- 
formance corresponds to tts data-sheet 
specifications. 


Ron Knapp, Maxim Integrated Products 


Before you commit a particular high-speed A/D con- 
verter to your design, you must verify its performance 
and accuracy at the desired conversion speed. Unfortu- 
nately, relying on the spec sheets alone to make your 
decision may not be enough. Some ADCs are specified 
very conservatively; others are made to operate right 
at their limits. Because data sheets give no indication 
of how rapidly an ADC’s performance degrades beyond 
the maximum conversion speed, you must be sure you 
never exceed that speed unless you know what to ex- 
pect. Further, it may be risky to depend on an ADC 
that’s operating close to its limits, particularly when 
you take the clock-speed tolerance and temperature 
coefficient (which is often unspecified) into account. 
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To find out how well an ADC meets its performance 
specs, you'll need to perform additional testing. ADCs, 
however, are difficult to test. A range of ADC inputs 
may give only one output, a phenomenon that’s some- 
times referred to as quantization error. To measure 
the actual transfer function of the converter under test, 
you must sweep the input through a range of voltages 
and map output codes to input ranges. You can use a 
technique known as a “crossplot” to perform this map- 
ping operation (see box, “An overview of the crossplot 
test”). 


Crossplot indicates fastest conversion speed 


You can construct a crossplot test fixture from read- 
ily available components and standard laboratory 
equipment. The crossplot test allows you to check the 
ADC’s accuracy dynamically at its rated conversion 
speed. Beyond that, the test will help you determine 
the fastest conversion speed possible for your ADC. 
By “dialing in” any code, you can determine the ADC’s 
integral linearity, differential linearity, and noise, and 
you can also find other unexpected problems. (The box 
“Distinguish ADC resolution from accuracy” defines 
and clarifies some ADC specifications. ) 

You can use the crossplot technique to test an A/D 
converter such as the AD578, a 12-bit, high-speed suc- 
cessive-approximation converter (Fig 1). You can eas- 
ily extend the test method and interpretation to other 
converters. 

Examining some typical crossplot codes will help you 
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diagnose specific converter problems. A perfect code, 
shown in Fig 2, is exactly one division wide, is the 
same width as all the other codes, and is centered on 
the CRT in such a way that the transitions line up on 
the vertical lines. If your ADC has integral-linearity 
error, all the codes on the CRT will shift left or right 
(Fig 3). If the data-sheet limit is +’4 LSB, the maxi- 
mum allowable shift is +% division. In Fig 3, the 
differential linearity is perfect when all code widths 
are equal to 1 LSB. 

If the integral linearity is perfect, but there are 
differential-linearity errors, the codes will not be 
shifted, but one or more codes will be narrow, at the 
expense of an adjacent one that’s wider by the same 
amount (Fig 4). Differential-linearity errors of this 


Fig 2—In a perfect code, all the code widths are equal, and all the 
code transitions occur on the scope’s vertical lines. 
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Fig 1—You can use the crossplot technique 
to test an A/D converter such as the AD578, 
a 12-bit, high-speed successive-approxima- 
tion converter from Analog Devices (Maxim 
is an alternate source for the part). 


type are normally due to dynamic errors, either within 
the ADC, such as insufficient DAC settling at major 
transitions, or externally, from insufficient input ampli- 
fier bandwidth (and/or settling time) or from improper 
grounds. 

To find whether the errors are dynamic-linearity er- 
rors (and not, for example, static or de errors caused 
by a mistrimmed bit in the internal DAC), you should 
decrease the ADC’s conversion speed by a factor of 
two or more. If the codes become good, dynamic errors 
are degrading the performance. Evaluating your 
grounding scheme at this point may uncover a layout 
problem that you can solve easily. Grounding is so 
critical for high-speed ADCs that it’s usually the root 
of the problem. You should also take another look at 


Fig 3—An integral-linearity error in the ADC causes all the codes 
to shift (in this case, they shift left by 1 LSB). 
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Data sheets alone may not be enough to 
help you select the best ADC for your appli- 
cation; additional testing will tell you what 
the data sheets don't. 


tf: i £ Ps2% 
vi ¥ i0CrV ze 


Fig 4—A differential-linearity error in the ADC causes one code 
to narrow while the adjacent code widens. 


the amplifier’s bandwidth spec. If the linearity is just 
as bad at slow speeds as at fast ones, the errors are 
probably due to the ADC alone, and the only solution 
is to replace it or correct the errors in software. 
Differential-linearity errors greater than 1 LSB are 
called missing codes, because the ADC output jumps 


TABLE 1—CROSSPLOT TEST CODES 


AND SWITCH SETTINGS 


FRACTION 
OF FULL SCALE BITS 


INDIVIDUAL BITS 


SWITCH SETTINGS 


two or more codes for every LSB voltage increment. 
(TEST CODES) 


aoe : DECIMAL 
The code is “missing” because there is no input voltage 


that will produce that code. Fig 5 shows an ADC with 
one missing code. A convenient way for you to deter- 
mine the fastest possible conversion speed for your 
ADC is to increase the conversion frequency (assuming 
the ADC has either an external or an adjustable clock), 
until you first detect missing codes. The clock rate at 
this point is the device’s maximum conversion speed. 
Data sheets rarely give you this kind of accuracy-vs- 
conversion-speed information. 

You can tell whether the DAC’s internal settling 
time is the primary speed limitation in the ADC by 
testing various codes and noting which code-test bit 
is the first to drop out as you increase the speed. If 
it’s bit 2 (second from the MSB at % of full seale) and/or 
bits 1 and 2 (at % of full scale) (Table 1), in most cases 
it’s the DAC that’s preventing the ADC from going 
faster. In some successive-approximation ADCs, the 
algorithm allows extra time for the MSB to settle after 
the DAC is reset to % full scale. On the next clock, 
the DAC will go to either ' or * of full scale, depend- 
ing on whether bit 1 was accepted or rejected. This 
signal swing is the largest one in the conversion process 
that must be performed to rated accuracy at full clock 
speed. 
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1/2 
1/4 
1/8 
1/16 


1/32 
1/64 
1/128 
1/256 


1/512 

1/1024 
1/2048 
1/4096 


SUMMATIONS 


1/2 
3/4 
7/8 
15/16 


31/32 
63/64 
127/128 
255/256 


511/512 

1023/1024 
2047/2048 
4095/4096 


14243 
1+24+3+4 


142+. 
142+. 
142+. 
142+. 


142+. 
142+. 
142+. 
142+. 


+5 
.+6 
+7 
.+8 


+9 
. +10 
+11 
.+12 


1000 0000 0000 
0100 0000 0000 
0010 0000 0000 
0001 0000 0000 


0000 1000 0000 
0000 0100 0000 
0000 0010 0000 
0000 0001 0000 


0000 0000 1000 
0000 0000 0100 
0000 0000 0010 
0000 0000 0001 


1000 0000 0000 
1100 0000 0000 
1110 0000 0000 
1111 0000 0000 


1111 1000 0000 
1111 1100 0000 
1111 1110 0000 
1111 1111 0000 


1111 1111 1000 
1111 1111 1100 
1111 1111 1110 
1111 1111 1111 
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bles you to map output 
5, ana thereby determine 
yer function for your ADC. 


kely, the crossplot codes on the oscilloscope’s 
ill have both integral- and differential-linearity 
s associated with them. The differential-linearity 
ors are straightforward enough, because the code 
idth is relative to the oscilloscope’s horizontal divi- 
sions and is measured independently of the integral- 
linearity shift. However, it’s difficult to separate inte- 
gral-linearity errors in the presence of differential- 
linearity errors, which displace the code transitions. 
Fig 6 gives an example of how both integral and 
differential nonlinearity can appear: The codes on one 
half of the display are perfect, but an integral-linearity 
error in the codes on the other half produces a large 
differential-linearity error where the two steps of the 
staircase waveform meet. This error is often caused 
by an interquad divider in the DAC inside the ADC. 
Many 12-bit DACs are designed with interquad divid- 
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ers, which are three similar sections of four binary- 
weighted current sources or R-2R ladder sections. 
These quads are summed together with the output of 
a current divider. The current divider is laser trimmed 
so that the total sum of one quad equals the first bit 
of the next quad minus one LSB. If it’s the ADC’s 
internal circuit that’s causing the error, you have no 
choice but to try another device. 

Linearity errors represent only part of the picture. 
You must also take noise into account. Noise makes 
the voltage ranges overlap at the transitions between 
adjacent codes. You'll have to make a tradeoff between 
noise and accuracy; how much noise you can tolerate 
in your ADC depends on your accuracy requirement. 

Manufacturers rarely specify ADCs’ inherent noise 
in the parts’ data sheets, and even when they do, they 
specify it only in vague terms. To measure the noise 


7/8 111 
3/4 110 
5/8 101 


1/2 100 


3/8 011 
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4/4 010 ANALOG INPUT 
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Fig 6—Differential-linearity errors can be produced by integral-linearity errors. In both haber | the codes in the right half of the display 
are correct, but in the left half, codes shifted left cause wide code at the top (a), and codes shifted right cause narrow code at the bottom (b). 


in an ADC, it’s useful to quantify the width of these 
transition-noise bands. A convenient method of meas- 
uring the peak noise is to use a digital storage oscillo- 
scope in the peak-hold or envelope mode (Fig 7). Ana- 
log scopes don’t always give you the true picture of 
noise, because of the CRT’s write-speed and persis- 
tence limitations. The rms value of noise is approxi- 
mately % of the peak-to-peak transition width. 

You can find the noise source by observing where 
the noise appears in the codes. If the ADC is very 
noisy at + full scale but acceptable at full seale 
when the DAC is off (unipolar mode), the noise is 
probably coming from the ADC’s voltage reference. 
At — full scale, the reference-voltage noise is attenu- 
ated well below the noise of the other components. 
To find whether the noise is caused by the reference, 
you place a large capacitor (10 pF) on the reference 
output or connect a low-noise external reference to the 
reference input. If the transition noise is reduced, the 
reference is the problem. If the transition noise doesn’t 
change, there could be noise problems in the internal 
DAC. 

If noise is equally distributed throughout the ADC’s 
range, its cause is something other than the signal 
level or code. That eliminates the DAC and its refer- 
ence. Most likely the comparator is at fault. Unfortu- 
nately, there is nothing you can do to improve it except 
to get a better ADC. 

The crossplot technique can help you verify that your 
device meets its accuracy and noise specifications, but 
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it doesn’t stop there. ADCs sometimes have problems 
that result in undesirable effects, even though the de- 
vices meet all their data-sheet specifications. These 
problems may be caused by other inherent design in- 
adequacies within the parts, or they may be induced 
by external factors such as grounding, shielding, cou- 
pling, and other components in your system. 

The crossplot can reveal such problems as hysteresis, 
oscillation, and uneven codes, for instance. The 
crossplot result in Fig 8 shows a form of hysteresis, 


wile © oven 
COP ak 


INPUT VOLTAGE 


Fig 7—You can use the peak-hold function of a digital oscilloscope 
to measure the code-transition novse of the device under test. 
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The test fixture 1s made from readily avail- 


able components and standard laboratory 
equipment. 
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Fig 8—In the crossplot, hysteresis appears as an overlap of two 
adjacent codes. 


or overlapping codes. What’s occurring is that the stair- 
case signal is tracing two different paths when the 
scope sweeps right and left. In other words, the code 
width depends on whether the ADC previously con- 
verted to a higher input voltage or a lower one. Hyster- 
esis is most often caused by DAC problems, such as 
excessive dielectric absorption in the output capaci- 
tance, or by disturbances introduced at the internal- 
summing-junction connection between the DAC output 
and the comparator input. 

Normally, you’d expect the transition noise to be 
purely random—that is, if it’s actually caused by com- 
ponent noise in the ADC. But if you can discern any 
pattern that looks like pulses (Fig 9), some comparator 
oscillation is probably occurring when the comparator 
inputs are nearly equal. To help avoid oscillation prob- 
lems, most high-speed comparators in fast ADC appli- 
cations employ a strobed output. Such an output is 
strobed on for a minimal time after the DAC’s output 
has settled and the bit decision is ready to be clocked 
into the successive-approximation register. 


Test-fixture layout is critical 


You would expect to see differential nonlinearity or 
code-width variations primarily on the major vertical 
transitions. But when differential-nonlinearity prob- 
lems are scattered throughout the codes (Fig 10)—and 
the errors are just as bad at — full scale (when all 
internal-DAC bits are equal to zero) as they are at + 
full scale (when all internal-DAC bits are equal to 
one)—chances are that, barring a serious design prob- 
lem in the ADC, the problems are caused by ground 
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Fig 9—Transition pulses appearing in the crossplot results may 
be caused by comparator oscillation. 


loops and/or crosstalk between the analog and digital 
sections of the system. To confirm that ground loops 
and/or crosstalk—and not just gross mismatch of the 
LSBs—are the source of the trouble, you decrease the 
ADC’s conversion speed. If the codes become uniform, 
the ADC is fine, and you must clean up the grounding 
and the circuit layout. 

The design and layout of your fixture is a critical 
factor in obtaining accurate test results. A ground- 
plane pe board is desirable, but it’s not necessary if 
you maintain a star-ground system in which the ADC 
analog ground is the center. The crossplot fixture 
shown in Fig 11 consists of an input buffer amplifier, 
two octal-output data registers, a dual one-shot config- 
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Fig 10—A repeating pattern of uneven codes looks like differential 
nonlinearity, but it’s wise to check the grounding and bypassing 
before blaming the ADC. 
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Fig 11—The crossplot test fixture consists of a buffer amplifier, data registers, and a dual one-shot (a), and a reference DAC (b). 
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The crossplot test easily picks up missing 
codes and differential-linearity errors. 


ured as a convert-start-pulse generator, and a refer- 
ence DAC that’s normalized to the ADC under test. 
Instead of adjusting the offset and gain of the ADC, 
you can simply force the offset and gain of the reference 
DAC to conform to the ADC. This procedure gives 
you a more general test fixture, because different 
ADCs have different calibration schemes and adjust- 
ment ranges, and some don’t have any provision at all 
for calibration. 

Further, remember that unless you connect remote 
offset and gain potentiometers as closely as possible 
to the ADC’s inputs, you might degrade the ADC’s 
performance. Although you’d normally use the refer- 
ence DAC with its mode switch in the Variable posi- 
tion, it also has a Calibrate (Cal) position. When the 
mode switch is in the Calibrate position, the gain and 
offset are preset for zero error. 

The D/A converter you use as the reference DAC 
must have much better linearity than the ADC under 
test. The test-fixture design in Fig 11 uses the Datel 
DAC-HP16B to test the 12-bit AD578 (‘A 
LSB =0.012%). The DAC is a 16-bit part with 15 bits 
of linearity (“2 LSB=0.0015%). To test 12-bit ADCs, 


you use only the top 12 bits of the 16-bit reference | 


DAC. The initial gain and offset of the DAC are not 
important as long as they’re adjustable to zero and 
they’re stable. : 

You must buffer the reference DAC’s output voltage 
with a high-speed op amp as close to the ADC’s input 
as possible. You may wonder why a high-speed op 
amp is necessary when only manually switched de test 
voltages are applied to the ADC’s input. The problem 
is that the input load current in a successive-approxi- 
mation ADC changes by as much as several milliamps 
at each clock or bit decision during the conversion. 
The output of the buffer or S/H amplifier must recover 
from this abrupt change and settle back to within a 
fraction of an LSB (0.012% for % LSB of a 12-bit ADC) 
within the clock period. The internal comparator also 
requires sufficient setup time so it can make a correct 
decision. 


Choose the right op amp 

Many different op amps could buffer the reference 
DAC adequately, but you can’t easily find them just 
by looking at data-sheet specs, because very few data 
sheets list the parts’ settling time to 0.01%. For testing 
the 3-ysec AD578, the Harris HA-2625 op amp works 
well as long as you apply about 33 pF of external 
compensation and bypass the supplies. For faster 
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Fig 12—You can use this diagram as a guide in connecting your 
crossplot setup. 


ADCs, you may need to use a booster configuration: 
an op amp and a high-speed buffer in a feedback loop. 
The buffer, an LH0033 or LH0053, for example, will 
absorb the transients from the ADC. Because the 
buffer is inside the op amp’s feedback loop, signal accu- 
racy is maintained at the ADC input. For ADCs that 
don’t have an offset- or zero-adjust input, you'll also 
need to sum the Dither input into the input buffer 
amplifier. This summing is not difficult, but your choice 
of amplifier is critical. 

Because intermediate codes appear at the output 
during the conversion, octal registers IC and IC3 clock 
the valid data only at the end of each conversion. When 
testing an ADC with complementary-binary-output 
coding, you should replace IC» and IC3 with a 
74HC574, which is a noninverting octal register. The 
end-of-conversion signal (EOC) also serves to trigger 
a one-shot, IC44, which initiates the next conversion 
with SW1 in the EOC mode. If you want to set the 
repetition rate independently of the conversion speed, 
you can use [Cqp to retrigger IC4a, as long as you set 


EDN November 10, 1988 


SW1 to the Fixed position. A center-off toggle switch 
permits you to stop the conversion process. 

The LEDs driven by the output registers help you 
make sure you're actually testing for the code you 
dialed in. If the code is the same, the illuminated pat- 
tern will match that of the code you selected with the 
switches on the reference DAC’s input. R, and Ro 
decode the last two LSBs. You can think of R, and 
Ro as a Single-pair R-2R ladder. You can test more 
bits by using an R-2R-4R set of resistors, which will 
produce an 8-step staircase on the oscilloscope. Alter- 
natively, you can test for 10-bit performance by moving 
R, and Rg up to the next two most significant bits. 

Fig 12 shows how to connect the test fixture. With 
an oscilloscope such as the Tektronix 7904, which ac- 
cepts as many as four plug-in amplifiers, you can simul- 
taneously look at the codes in X-Y mode and at the 
KOC signal, which displays conversion speed. To do 
so, you need to configure one of the vertical amplifiers 


: ‘It’s irnpiortde x not to pontine reso- _ 

lution with accuracy when ek Al 

- ing an ADC. The resolution (or —_ operatic 
/ number of bits) that an ADC pea ee e jul 
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- ment of input voltage it cande- 

. tect that’s represented bya 
change in the LSB of the digital _ 8 f 
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as a timebase amplifier. You set the vertical amplifier 
control to Alternate and set the timebase mode to 
Chop. 

To make the crossplot results easy to interpret, you 
need to calibrate the scope display so that each code 
width fits into one division and all the transitions line 
up on the vertical lines. You simultaneously turn the 
OFFSET ADJ pot of the reference DAC and the X- 
amplifier CAL ADJ knob on the scope. It’s best to 
ignore the bottom codes for this adjustment, because 
these codes are the most likely to have differential- 
linearity errors. Instead, you calibrate the scope so 
that each third high-side transition is separated from 
the next by exactly four divisions (Fig 13). 

Next, you need to choose the place on the scope 
display where the code under test will fall when there 
are no errors in the system. The typical position is one 
division to the right of center. To choose that position, 
you need to make adjustments for system offset and 


he absolute accuracy of the 
data from an ADC converter de- 
at a6 i pene on many factors. An ADC’s © 
oo linearity i is the most important of 
these, ‘because the only adjust- 
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oe with 14-bit accuracy, ao 
_ which means that the output deta a . 
ean be off by as much as4 LSBs. — 


To determine the accuracy of 


he overall system, you must also 
consider error sources from the 
other components around the 

_ ADC, such as the input pream- 
-_plifier, the multiplexer, the sam- 
_ ple/hold amplifier, and the exter- 
nal voltage reference, if zo use 
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Integral-linearity errors cause the codes dis- 


played on the CRT to shift left or right. 


Fig 13—To make the crossplot results easy to interpret, calibrate 
the scope so that each third high-side transition (see arrows) is 
separated from the neat by exactly four divisions. This way, each 
code width will fit into one division, and all the transitions will line 
up on the vertical lines. 


gain. First, you switch the reference DAC inputs to 
zero; then, by using the OFFSET ADJ pot, you place 
the very first transition on the first vertical line to the 
right of center. This action places the zero code in the 
selected box (Fig 14). You must make sure that both 
the crossplot fixture and the reference DAC are set 
to the same range, either the unipolar (10V) or the 
bipolar (20V) range. If the image on the CRT is upside 
down and/or backwards, you should invert the x and/or 
the y input as necessary. 

Similarly, you adjust the test fixture for gain by 
switching the first 12 reference DAC inputs to 1 and 
setting the GAIN ADJ pot so that the last transition 
falls directly on the center line (Fig 15). This procedure 
places + full scale in the designated division just to 
the right of center. 

Note that the crossplot test method uses “end-point” 
linearity calibration, so there’s never a linearity error 
at — full scale or + full scale, which are being normal- 
ized. The normalization process rotates the actual 
transfer-function curve so that + full scale and — full 
scale are on the ideal straight line. If the ADC exhibits 
gain-linearity errors, those errors will now occur at ’2 
full scale. A limitation of this method of calibration is 
that you can’t clearly distinguish gain errors from inte- 
gral-linearity errors. 

The ADC is now ready to be tested. Whatever code 
is set on the reference DAC’s input switches should 
be in the designated location on the oscilloscope dis- 
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Fig 14—To test an ADC’s digital output codes, you need to choose 
the place on the scope display where correct codes will fall. For 
example, if you choose the scope division just to the right of center, 
you must switch the reference DAC inputs to zero, and, with the 
OFFSET ADJ pot, you place the first transition on the first vertical 
line to the right of center. 


play; that is, it should be one division to the right of 
center. Any deviation is measured as linearity error. 
Because the scope is calibrated for a horizontal scale 
of 1 LSB/div, the errors are measured directly in LSBs. 

You can test every ADC output code if you wish, 
but that’s generally considered overkill. The test codes 
for a 12-bit ADC (shown in Table 1) are usually ac- 
cepted as a thorough test-code set; they test the ADC 
in its operating range for decimal inputs from 1 to 


Fig 1 you must switch the 
reference DAC’s first 12 inputs to all ones and use the gain- 
adjustment pot on the reference DAC to line up the last transition 
on the center of the scope display. 


EDN November 10, 1988 


MICRO POWER SYSTEMS 


CONVERT WITHOUT 
MISSING A CODE 


a ) 
/ith Micro Power Systems 


¥ ‘¥Y MP574A monolithic A/D 
converter, you get full use of 12-bits— 
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4095. For those test codes whose two least significant 
bits are zero, the staircase will be at its lowest level 
in the division just to the right of center on the scope’s 
CRT. Any code whose last two bits are “01” will display 
the first staircase level in that scope division. A code 
whose last two bits are “10” will display the second 
staircase level in that division, and one whose last two 
bits are “11” will display the third and top level there. 
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THE 514” DRIVES THAT SET 
PERFORMANCE STANDARDS 


Wren 514" disk drives give systems an extra 
performance edge. With an average seek time 
of a blazing 14.5 ms, Wren V is the fastest 514” 
drive we've made yet. Wren models are the 
fastest of their species because their patented, 
balanced, straight-arm actuator permits preci- 
sion head positioning and super fast seek times. 


ZBR INCREASES PERFORMANCE AND RELIABILITY 
Wren models featuring Zone Bit Recording 
(ZBR), offer increased capacity of 30 percent or 
more compared with conventional recording 
techniques. In some cases, ZBR also means 
higher transfer rates that improve performance 
up to 30 percent. With ZBR’s greater recording 
density, drives require fewer recording heads 
and less media for the same capacity. Fewer 
parts mean less potential for trouble. That’s 
why Wren is a disk drive you can count on for 
years of trouble-free performance. 


16 SCSI 12-16 


16 ESDI 


Avg. Transfer 
Seek (ms)| Interface | Rate (MHz) 


if, 
1 
>) 


All capacity figures are shown as unformatted. 
H.H. =Half Height models 


200 MB + 15 ms = Al)!’ eles” Synchronous or asynchronous 


Operation and a cache with read/ 
SWIFT DISK DRIVES PACKED YS look ahead capability further 
WITH PERFORMANCE optimizes Swift performance. 
The Swift 342” disk drive sets the standard DESIGNED FOR RELIABILITY 
for small drive capacity and performance. Low wattage, shock resistant design, 


It combines the two most 
important things people 
want in a storage device: 
capacity and speed. And 
packs it into the size every- 
one would like-3 2?’ 


CAPACITY PLUS 
PERFORMANCE 
Swift features a blistering 15 ms average seek 


1 

; Swift 150 1 

time. A 1-to-1 interleave feature allows read/ ; 
writes of a full track in a single revolution. The 


5 
5 
$T506/412 (RLL)" 
result is a significant performance improvement z 


due to the higher sustained data transfer rates. * Not available with 1-to-1 interleave 


rotary voice coil actuator, and a unique high 
torque, phase-locked, in-hub spindle motor are 
just a few of the advanced features that make 
Swift the industry’s 32” disk drive leader. 


Avg. Transfer 
Model | Capacity | Seek Rate 
9435X | (Mbytes) | (ms) Interface (MHz) 


| Swift | 200 | 15 | scsiespiar | 10 | 
es 


IMPRIMIS 


A Subsidiary of Control Data 


“Recently Control Data made its Data Storage Products Group an 
independent subsidiary: Imprimis Technology Incorporated. 
As Imprimis, we will focus all our attention and energy on the 
data storage marketplace. 


“Imprimis means ‘in the first place: That’s fitting —because we 
are. And we intend to remain there. First in high-performance 
disk drives. First in quality. First in service and customer 
satisfaction. 


‘We were first to introduce a 342” 200 MB disk drive, the 
Swift. Wren 514” disk drives were the first to feature sub-20 
ms seek times, and they continue to be the fastest drives in 
the world. The Sabre 8” disk drive was the first of its size to 
offer more than 1,200 MBs of storage. But the biggest first 
of all is in commitment to customers. 


‘So, just because we changed the name doesn’t mean we 

are changing our ways. We are continuing the commitment to 
leadership in the high-performance storage market, and we 
intend to remain the world’s leading supplier:®’ 


Lawrence Perlman 
President 


\ ' } EK Minnesota 
| . Large Disk Division Development 

ORLDWID CAPAB and Manufacturing 
Canada 


Sales and Distribution 


Nebraska 


Magnetic Media Development and Manufacturing 


California 


Small Disk Division 
Development and Manufacturing 


Oklahoma 


Small Disk Division 
Development and Manufacturing 


Brazil 
Elebra Informatica— 


Licensed Disk Drive Manufacturer 


oats coo 


England 


European Marketing Headquarters 


Germany 
Manufacturing and European 
Customer Services Center 


France 
European Operations Headquarters 


Portugal 


Components Manufacturing 


Japan 
Far East Sales and Marketing 


Malaysia 


Components Manufacturing 


Singapore 
Small Disk Manufacturing and Distribution 


Australia 


Sales and Services 


SABRE LEADS THE WAY ~ 
WITH 1.23 GIGABYTES 


Sabre was the first disk drive to offer 
over a gigabyte (1,230 Mbytes) of storage 
in an 8” form factor. It also set new stan- 
dards for performance with faster seek 
times and higher transfer rates. 


DESIGNED FOR PERFORMANCE 

Sabre is available in several capacities and with 
a variety of interface options. A 16 ms average 
seek time, coupled with transfer rates of 15 to 
24 MHz, make Sabre drives truly high perform- 
ance machines. Sabre’s superior performance 
and capacity make it ideally suited for multi- 
user, multi-tasking systems. 


BUILT FOR RELIABILITY 
Sabre is designed to provide a 24-hour daily 
duty cycle ensuring the utmost in reliability. 


The head/disk assembly can 
withstand a 3G force—while in 
operation, and a non-operating 
shock of up to 25 G’s. It’s the 

most rugged disk drive we've ever 
produced. Sabre—a drive you can 
count on- for the long run. 

Rate 
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Model | Capacity | Seek 
9720x | (Mbytes) | (ms) Interface (MHz) 


Transfer 


WORLDWIDE AVAILABILITY 


OEM Sales and Support Services are in place around the world to help you. 


U.S. AUTHORIZED DISTRIBUTOR 
*ARROW ELECTRONICS INC. 

For the location of the Arrow Sales 
Office nearest you, wherever you 


are...Arrow is as close as your 
telephone. In U.S. call toll-free 


1-800-777-ARROW 


U.S. OEM DIRECT SALES 
OFFICES 


CALIFORNIA | 
Irvine (714) 851-5685 
Los Angeles (213) 642-2222 
San Jose (408) 280-2000 
CONNECTICUT 

Glastonbury (203) 633-6781 
Greenwich (203) 622-2440 
FLORIDA 

Coral Springs (305) 753-2030 
Tampa (813) 286-7672 
GEORGIA 

Atlanta (404) 399-2311 
ILLINOIS 

Chicago | (312) 960-7545 
MASSACHUSETTS 

Waltham (617) 890-4600 
MINNESOTA 

Minnetonka (612) 931-8801 
NEW JERSEY 

Edison (N.Y. area) (201) 225-6100 
NEW YORK 

Albany (518) 785-3317 
OREGON 

Portland (503) 291-4358 
PENNSYLVANIA 

Valley Forge (215) 666-4540 
TEXAS 

Dallas (214) 385-5922 
Houston (713) 778-5400 


San Antonio (512) 736-2868 


* Authorized Distributors 


Distributed by: 


205,285A Litho in USA 88 


INTERNATIONAL OEM SALES 
OFFICES AND DISTRIBUTORS 
AUSTRALIA 
Melbourne (61) 3-268-9500 
Sydney * IMAGINEERING 
AUSTRIA 
Vienna (43) 222-171733 
*APH DATA 
*W. MOOR DATA 
Fischamend *PERCOM 
BELGIUM 
Merelbeke *BELCOMP 
BRAZIL 
Rio deJaneiro (55) 21-2663222 
Sao Pablo. *ELEBRA INFORMATICA 
CANADA 
Toronto (416) 826-8640 
Montreal *ARROW CANADA 
Scarborough * TENEX DATA 
CHILE * SISTECO-CHILE 
CHINA 
Hong Kong 5-8683307 
*TELTEC ELECTRONIC 
COLOMBIA 
Bogota * COLINVERSIONES 
DENMARK 
Copenhagen *DATA-VISUAL 
ENGLAND 
London (44) 1-848-1919 
*RAPID SYSTEMS 
* IDEAL HARDWARE 
*SINTROM ELECTRONICS 
*NORMAN MAGNETICS 
FINLAND 
Helsinki (358) 0-6926121 
*INSELE 
FRANCE 
Paris (33) 1-6461-5000 
*ALFATRONIC 
*OMNILOGIC 
* WINLINE 
* ORBITEC 
GERMANY 
Frankfurt (49) 69-63050 
Munich (49) 89-41790 
Bonn *BONNDATA 
Hamburg *IRTV 
Tuebingen *HAMILTON & IMPEC 
Filderstadt * TRIANGEL 
Munich * TRIANGEL 
*MCE 


INDIA 
New Delhi *CMC LTD. 
ISRAEL 
Tel Aviv (972) 3-543-4646 
*MAG COMPUTERS 
Herzlia *MINIX COMPUTERS 
*I.E. MITTWOCH 
ITALY 
Milan (39) 2-2174221 
*CELDIS 
Modena *NAOS 
INDONESIA *PT. SKILL 
JAPAN 
Tokyo (81) 3-982-1051 
KOREA 
Seoul (82) 2-7564681 
*TAESAN SYSTEMS INC. 
MALAYSIA 
Kuala Lumpur *MARKRITE SDN BHD 
NETHERLANDS 
Amsterdam (31) 70-119911 
* MANUDAX 
NORWAY 
Oslo (47) 2-151400 
*ICT DATAINFORM 
SINGAPORE (65) 8614655 
*IMAGINEERING MICRO 
SPAIN 
Madrid (34) 1-4560004 
Barcelona *CEOI 
SWEDEN 
Stockholm (46) 8-7520020 
* DATABOLIN 
*ZETNER DATA 
SWITZERLAND 
Zurich (41) 1-2421434 
Dietikon *INELTRO 
Schwerzenbach *HSP 
TAIWAN 
Taipei (886) 2-7152222 
THAILAND 
Bangkok * THAI TECHNOLOGIES 
AND COMPUTER CO. LTD. 
YUGOSLAVIA 
Belgrade * PROGRES 


IMPRIMIS 


A Subsidiary of Control Data 


Power supply reliability is 
established in a number of 
different ways. 


THE WORST MEASURE: 


CALCULATED MTBF 


This statistic is most frequently 

| misleading—due to the different 
| methods of calculation. 

When comparing calculated 
MTBF numbers, be sure to 
verify it is per MIL HDBK 217E. 


—_ 
A BETTER TEST: 
DEMONSTRATED MTBF 

This is closer to real world. 

This figure is derived from 
actual life test data per MIL STD 
810C. 

acdc’s 800 - 1000w REV Series 
achieved 100,551 hrs. MTBF 
when the tests were 
intentionally terminated. (Had 
the test continued, the number 
would nave oer even mgnel) 


OBSERVED MTBF 


This is derived by dividing the 
total number of operating hours 
of EQUIPMENT IN SERVICE by 
the number of failures. 


acdc electronics’ 800-1000w REV | 


Series achieved 407,971 hrs. 
running at 24 hrs. a day for 
3,434 operating units. 
Operating. Today. In the field. 
Reliably! 


NY 
MEENA ARAN ENEMA REARRANGE NEMA AAA RR EA AR RRR y 
iN 
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ELIABIL ITY. acdc's 
800-1000w units feature: 
= Electronic soft-start 
= Two year warranty 
All Safety Agency Approvals 
m 5” x 8" profile 
EMI Filter per FCC 20780, 
class A & VDE 0871, Class A 
High Reliability Fan 
AC Power Fail 

Abe TiAl all outputs 


E THAN 


500. *DlGw VV. acdc electronics 
comprehensively covers the 
entire range from 50-3000W, 
single and multiple outputs . . . 
even linears. 

‘ACT CONI /C 
COST LUNI IPETI TIVE. 
acdc’s 800-1000w REV Addon is 
particularly cost effective. And 
cost competitive with any other 
manufacturer. | 


nationwide network of Sales 
Engineers to answer your. 
questions: plus, a full color 
catalog of our entire product 
offering. Call for more 
information. 619/439-4200. 


acdc 


electronics [ 


401 Jones Road, Oceanside, CA 92054 
TEL: 619/757-1880. TLX: 350227. 
FAX: 619/439-4243 
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With total 1 year +5° accuracies 
to 4.7ppm DCV and 40ppm ACV, 
the 4708 Multifunction Standard 
from Datron Instruments is the 
world’s most advanced 
programmable calibrator. 

As instrument manufacturers 
push calibration requirements 
ever higher, the unrivalled levels 
of performance and capability 
the 4708 provides, ensures that 
your calibration investment today 
will be viable in the future. 

If your current requirements do 
not include all functions, the 
4708 can be supplied in DCV 
only, ACV only, or DCV and ACV 
configurations; the addition of — 
the Resistance and Current 


Price... 
spec by spec the 4708 is right on target! 


option makes the unit fully 
multifunctional. IEEE-488 is 
fitted as standard and, of course, 
any option can be retrofited as 
required. 

The 4708 features a cost 
effective built-in wide bandwidth 
1000V amplifier with a capability 
of supplying 1000V at 33kHz or 
750V at 100kKHz. This enables the 
wide range of hand held, bench 
or systems DMMs requiring 
calibration at high voltage and 
high frequency to be handled 
without extra equipment cost. 
Full compatibility with Datron’s 
high current calibration products 
and calibration software gives 
the 4708 even greater flexibility. 
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The 4708 is available now ata 
very affordable price. For full 
details and a fact-filled brochure 
call us today. 


United States: 
San Diego, Cal. (619) 565-9234 
Suffern, N.Y. (914) 357-5544 


United Kingdom: 
Norwich (0603) 404824 


A WAVETEK COMPANY 


Leading through performance 


See Us at WESCON Show Booth #s 3168-3171 


‘SIPEX COVERS 
YOURHIGHEND 


There's a new name in analog signal processing 


that stands for excellence: Sipex. We ve combined 
the strengths of Hybrid Systems, DataLinear, and 
Dielectric Semiconductor to cre- 
ate a new leader in high- 
performance, analog signal 
processing products. From 
super-fast data acquisition 
systems to output op amps...from 2 
industry-standard to ASIC or full custom 
..from industrial-grade to MIL-STD-883 and 
Class S, our products are second to none. 
Consider our SP-2500/2600 op amps—a 


family of second-source products so good it ought : 


to be your first choice. Slew rates to 280V/ LSEC, 
y gain-bandwidth products of 120 MHz-— -all with 
ie improved settling characteristics. 
| Our sample and hold amps range from 
our 16-bit hybrid, the ultimate in accuracy—to our 
> ‘high-speed monolithics with 12-bit accuracy and 
acquisition times of less than 1 wsec. | 
Within our extensive line of 8 to 16-bit 
ADCs are today's leaders in fast-digitizing, low- 
power consumption products. Our lightning-fast 
flash-packs—with support circuitry included —are 
smaller than most flashes alone. 
Ifits DACs youre after, Sipex is the only 


name you need to remember. We have over 


Wescon/33. 


Booth Number 3793-3795 


4 
; Corporation 4 


36 monolithic and hybrid devices 
8 to 18 bits, —_ : 


family of performance- 


- leadin g, DI-based linear 


envelope of your design. If you 
need even more performance, our full custom 
capability will fill the bill. And most important, 
you can integrate all of these Sipex products into 
your applications now. 

Call toll free (800) 272-1772 for a copy of 
our 382 page 1988 catalog. In Massachusetts 
call (617) 663-7811. Or return the coupon below 
to: Marketing Department, Sipex Corporation, 
Six Fortune Drive, Billerica, MA 01821. 


I'm looking for high-performance across the board. 
Please send a free copy of the 1988 Sipex catalog. 
Name: 


Title: 


Company: 


Street: 


City: State: 
Zip: Phone: 


|] Please have a salesperson contact me. EDN 111088 


Send to: Marketing Department, Sipex Corporation, 
Six Fortune Drive, Billerica, MA 01821. 
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THERE'S ONLY 

— ONED2BIT 

5 MHz A/D AND 
WEVE GOTIT. 


That's right. Our new SP9550 is the world’s first, _ fill out the coupon and mail it to Sipex Corpora- 
and only, 12-bit, 5 MHz A/D converter. tion, Six Fortune Drive, Billerica, MA 01821. For 
The flagship of our new Multipass™ 


fast action, dial our toll-free literature 
hotline: 1-800-272-1772. In Mas- 
sachusetts, call (508) 663-7811. 


converts in 200 nSec at ~_——__ibP 
| Send details on the Sipex family a 


of Multipass” converters. 


SP9550 L] SP9548 L] SP9588 
MHz, 12-bit 2 MHz, 12-bit 400 KHz, 14-bit 


family of sub-ranging, flash-tech- 
nology converters, SP9550 


9 MHz sampling with 
+ I/ LSB accuracy and no 


missing codes. With an input 


[_] Please send a complete 1988 product catalog. 
[_] Please have a salesperson contact me. 


S P9550 just might be the most versatile little con- 


! Name: 

range of 0 to 5V, it’s as comfortable with high- | Title: 

‘ ; : : C 
speed sonar, radar, and imaging applications as ! ge 
with low-speed, multi-channel multiplexing. ! City: State: 
And, at a price of only $430 (in 100s), the | 4? Phone: 

| 
| 
| 
| 


verter you can lay your hands on. Try it. Or try any Send to: Marketing Department, Sipex Corporation, 


Six Fortune Drive, Billerica, MA 01821. 
one of our new 9500 Multipass ADCs. For details, ee ee a] 
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CRAY b556 5 ser 


‘et pw Jr Division 
Corporation 


Wescon/88. SIGNAL PROCESSING EXCELLENCE 


276 CIRCLE NO 227 EDN November 10, 1988 


A simple 


Design Feature 


technique 


boosts performance 
of active filters 


To achieve the best rolloff from an active 
filter, you must keep component values as 
close as possible to the ideal values so as to 
preserve critical ratios. Precision components 
are expensive, but you can gain significant 
performance improvements without incur- 
ring any extra expense by adjusting the tm- 
pedance levels. 


Brent F Balch, Sensormatic Electronics Corp 


In order to get outstanding performance from complex 
active filters, especially those of third and higher or- 
ders, you have to exercise tight control over component 
ratios. The usual method of achieving ideal values 
(which you derive from filter-design tables) is either 
to purchase high-precision components or to select 
them individually from a batch of lower-grade compo- 
nents. Unfortunately, precision capacitors are not only 
expensive, but often have long delivery times; likewise, 
component selection adds to the cost of manufacture 
because of its time-consuming nature. However, you 
do have an alternative: Using a simple computer pro- 
gram, you can select a set of standard 1% (or even 
5%) values that most closely matches the ideal values. 
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This article is not intended to teach filter design. It 
assumes that you are familiar with filter-design proce- 
dures and have access to filter-design tables such as 
those contained in standard books on the subject (Refs 
1 and 2). Rather, the article shows you a technique for 
using a simple computer program (Listing 1, pg 284) 
to extract a few extra decibels from your completed 
filter designs. The computer program was written in 
Microsoft Basic because most PC-DOS and MS-DOS 
machines come with some version of this language. 
Symbol notation for the various filter parameters con- 
forms to that found in the Williams book (Ref 2). 

The goal is to maximize performance, and therefore 
the program assumes that you'll use 1% resistors, 
which are readily available and cost only pennies. Actu- 
ally you can even use 5% resistors, but the improve- 
ment in performance won’t be as dramatic. You obtain 
increasing benefit from this technique as the filter com- 
plexity or the Q of the filter increases, because both 
cases impose tighter control over component ratios. 
The best time to make use of this technique is at the 
point when you select the circuit impedance; at this 
juncture, the capacitors become the dependent vari- 
ables. Although you could apply the technique to L-C 
as well as R-C filter circuits, you’d achieve fewer bene- 
fits because inductors are often custom wound for each 
application. For this reason, the following discussion 
is limited to R-C active filters. 

As a typical design problem, suppose you are devel- 
oping a product that requires a 1200-Hz, highpass filter 
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TABLE 1—COMPONENT REFERENCES AND 
NORMALIZED ELLIPTIC-FILTER VALUES 


PASSIVE 


38) 8) 
| Bi AT] 


zs 8) 
Ol 


R7 


ACTIVE 
LOWPASS | LOWPASS | HIGHPASS | HIGHPASS 


PASSIVE ACTIVE 


_ (Pee 5P4Z 3P2Z 


105.37 dB* | 70.46 dB* | 35.55 dB* 


0.8223 


0.2360 


. 0251 


*DENOTES A(MIN) VALUES 


with unity gain and a rejection of at least 65 dB below 
600 Hz. The passband ripple must be no more than 1.5 
dB. System and manufacturing constraints dictate the 
best performance possible but forbid the trimming of 
components because of the attendant cost. 

After you determine the required filter parameters, 
the next step is to compute the filter steepness factor, 
Ag, as follows: 


fo 1200 Hz 


coo ty 


As= 


Filter-design tables indicate that you need a fifth- 
order elliptic filter. To provide an Ag of 2, the value 
of the filter parameter Qg must not exceed 2.000. This 
figure results in a value of 6 =30°. 

Using Table 1, select a fifth-order filter that makes 
the transition from the passband to at least 70 dB of 


L3 
2.92215 


Ls 


2.23588 2.09208 


Lo Ls 
0.09644 0.25766 

OUTPUT 
C2 
0.98117 


C4 
0.88914 


Rout 
, 


Fig 1—You can get normalized component values for a lowpass filter 


attenuation in the stopband within a frequency ratio 
(Ag) of 2. If you’re using a filter-design table from a 
standard reference book, look for a design that has the 
notation C05 50 6=30°. C indicates a Chebyshev type; 
05 indicates a fifth-order filter; 50 (p) is the reflection 
coefficient of the filter. You'll find that the filter has 
the following parameters: n=5; ripple=1.25 dB; 
Og = 2.000; and Ayn = 70.46 dB. Fig 1a shows the T 
configuration of a lowpass filter with normalized values 
obtained from Table 1. 

The next design step is to transform the lowpass 
circuit into a highpass type; you perform this change 
by converting all the inductors into capacitors and all 
the capacitors into inductors, using reciprocal values. 
Fig 1b shows the transformed, normalized highpass 
filter. You likewise reflect the transmission zeros 
around the cutoff frequency by using reciprocal values. 

At this time you denormalize the filter values by 
using a frequency scaling factor of Q9=2afe and by 
selecting a circuit-impedance level, Z. It’s usual to de- 


C3 
1 1 
2.92215 2.09208 
{ 1 


Cy 
0.09644 0.25766 
OUTPUT 


Rout 


(a) from standard-reference design tables. To transform the lowpass 


filter to a highpass one (b), change the capacitors to inductors and vice versa, and use reciprocal values. 
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It’s possible to significantly improve filter 


performance without resorting to expensive 
precision capacitors. 


sign filters according to Zjjn = Zoyt=Z. Textbooks and 
reference books on filter design usually indicate that 
the selection of Z is arbitrary and proceed to use a 
convenient value between 10k and 50k 0. Be aware 
that you can select any values you like, but subsequent 
component values will be based on this selection. For 
now, use a circuit-impedance level of Z=R=10k 2. 

If Qo =27fe = 6.283 x 1200 =7540 rads/sec, and 
R=10.0k, then using reciprocals to transform the low- 
pass configuration into a highpass configuration and 
sealing for frequency and circuit impedance, will yield 


ay Ss. | pei Lee 
a LyRQO») 2.23588 x 10,000 x 7540 
IDEAL 
VALUE USE 


= (0.00593 uF 0.0056 uF 


Similarly, 
IDEAL 
VALUE USE 
Cec=1/Le) (R) (00)=0.187538 uF 0.15 pF 


Cop=1/(C2) (R) (0.0)=0.01352 WF 


4c 
0.05147 uF 
eC 


C3;=1/(Ls) (R) (00)=0.00454 wF 0.0047 wF 
Cyc=1/(Ly) (R) (0.0)=0.05147 pF 0.047 uF 
Cyp=1/(Cy) (R) (Q.0)=0.01492 uF 0.015 uF 
C5=1/(Ls) (R) (0.0)=0.00634 wF 0.0068 uF 


The filter topology of choice for this example ap- 
pears in Fig 2. (Other types would work just as well, 
however.) Fig 2 shows the transformed, active high- 
pass filter values. The actual active filter consists of 
amplifiers IC; through IC, and associated components. 
Because the circuit uses equal resistor values for Ry 
(R;) and Rout (Rio), the filter introduces a 6-dB loss. 
Noninverting amplifier ICs, together with Rj, and Ry, 
yield a stage gain of 2 to restore the overall circuit 
gain to unity. (For more details on the use of this filter 
topology, consult Ref 3.) : 

Fig 3a shows the computed frequency response of 
the filter (using the ideal values) vs the measured re- 
sponse (using standard components and setting 
R=10.0k 0. The use of standard-value components 
rather than ideal values noticeably degrades the per- 
formance. The performance of a production unit may 
be even poorer when you consider worst-case tolerance 
buildup. 

The degree to which the realized response deviates 


0.015 uF from the ideal will vary, however. Contributing factors 


3M y OUT 
Cs > @ 


0.00634 pF 


Rio 
10.0k 


10.0k 


3M NOTE 


RESISTORS MARKED WITH AN * ARE FOR DC GROUND 
REFERENCE ONLY. VALUES ARE NOT CRITICAL. 


Fig 2—This 1-kHz active highpass filter uses ideal component values computed for 10k-Q input and output impedances. 
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TABLE 2—PARTIAL OUTPUT OF LISTING 1 


10006 
10200 
10506 
160700 
11000 
11300 
115006 
11800 
12100 


0. OOS9S 
0, 003582 
0.00565 
0.00554 
0.0053 

0.00525 
0.003516 
0, 00503 
0.00490 


0.00233 
0, 00227 
0.00222 
0.00216 
0.00212 
0.00207 
6.00202 
6.00197 


20000 
26166 
26700 
27400 
28060 
28700 
27400 
30100 


4 
¢ 
41206 
42200 
43200 
44206 
45306 
46406 
47500 


0.00144 
0.00141 
0.00137 
0.00134 
O.00131 
G.00126 
6.00125 


are the complexity of the filter, the sensitivity of the 
component ratios, and how closely the real component 
values approximate the ideal ones. Because your appli- 
cation will usually govern the first two factors, the 
third factor (often overlooked) offers an easy means 
of improving performance. 


You can optimize the design 

You don’t have to resort to precision capacitors or 
trimmed components. Instead, calculate the denormal- 
ized component values required for various values of 
R, and then provide a means of judging the best combi- 


AMPLITUDE (dB) 


df Xe 
RS W,/Ai\, 


FREQUENCY (Hz) 


0. 137355 
0.13483 
0.13098 
6.12853 
0.12502 
0.12170 
0. 119597 
0.11655 
0.11366 


0, 05393 
0.05269 
O.05151 
0.05019 
0o,04912 
0.04792 
06,04478 
0.04569 


a. 


- 93338 
J. 05259 
2.03183 
o.O03111 
2. 035036 

- 02964 

-02895 


0.01352 
0.01325 
0.01287 
0.01263 
0.01229 
0.01196 
0.01175 
0.01146 
0.01117 


0, 00530 
6.00518 
0, 00506 
0.00493 
0, 00483 
6G. GO471 
0.00446 
0, 00449 


0. 00228 
0.00320 
0.00313 
0. 00506 
0.00298 
G.GO291 
Go. 00285 


. 00454 
- 900445 
. 00432 
6.00424 
0.00413 
0.00402 
0.00395 
0.00385 
0.00375 


B} 


0.00178 
0.00174 
0.00176 
0.00166 
0.00142 
6.06158 
0.00154 
0.060151 


2 
2.00110 
0.00108 
6.00105 
0.00103 
0.60100 
0.00098 


0.00096 — 


0.02019 
0.01972 
0.01928 
0.01879 
0.01838 

~01794 
0.01751 
0.01710 


0.01249 
0.01220 
O,OL192 
6,01165 
0.011346 
6.01169 
GO.,01084 


0.01492 
0.01462 
0.01421 
0.01394 
0.01356 
0.61320 
0.01297 
0.01264 
0.901233 


0.00585 
0.00572 
0. 00559 
0.00544 
0. 00533 
0. 00520 
0. 00507 
0.00496 


0.00362 
0, 00353 


0.00345 — 


0. G0337 
6.00329 
0.00371 
0, 00314 


0.00634 
0, 00622 
G4, 00604 
0.00592 
6.00576 
0.00561 
0.00551 
0. 00537 
0.00524 


* 


0.00249 
0.00243 
0. 00237 
0.002231 
0.00226 
0.00221 
0.00216 
0.002711 


% 


0.00154 — 


0.00150 
0.00147 
0.00143 
0.00140 
0.00137 
0.00133 


0001010 
1000010 
1000106 
1060100 
11101061 
6111191 
0111101 
0111001 
1001010 


0101010 


1001010 
1000016 
1610110 
11iOlil 
0110101 
O111i01 
O111101 


11101061 
O1iG101 
o1o0o0lil 
oooi11i 
0601016 
O001010 
1001010 


nations. Although the task of testing successive R val- 
ues on a calculator is error-prone and tedious, it be- 
comes simple and convenient if you make your personal 
computer do it for you. 

To optimize the filter in the previous example, return 
to the normalized component values you obtained from 
Table 1. Enter those values into lines 250 through 310 
of Listing 1. The program also requires the cutoff fre- 
quency (fc) or the center frequency (fo) if you are opti- 
mizing a bandpass filter. 

The next step is to run the program. The program 
will print out a table (a portion of which appears as 


y OPTIMIZED 


AMPLITUDE (dB) 


FREQUENCY (Hz) 


Fig 3—The use of unoptimized, standard-value components degrades filter performance, especially in the stopband area (a). Using the 
optimization technique, you can bring performance closer to that of a filter using the ideal values (6). 
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Table 2). The left-most column lists R values in 1% 
increments from 10.0k to 47.5k 0. The next seven 
columns list the ideal capacitor values that correspond 
to the impedance (R) shown in the left-most column. 
The right-most column contains a “score”; this 7-bit 
binary number contains a 1 for each capacitor whose 
ideal value falls within a user-specified percentage 
(DIFFERENCE) of a standard 5% value. The bit posi- 
tions correspond directly to the column position in the 
row—that is, the left-most bit refers to the C, value, 
and the right-most bit to the Cs value. The more 1s 
in the score, the better the overall match and the closer 
the resulting filter will approach the ideal response. 

As you examine Table 2, it becomes obvious that 
the initial choice of 10.0k 0 for R was not optimum. 
Only two of the seven capacitors required are within 
5% of a standard 5%-tolerance part. However, for an 
R value of 28.0k ©, six of the seven values fall within 
5% of the standard-value parts. For the sample filter, 
this R value is the only one that yields such a high 
score. Quite often, however, you'll find that two or 
more R values have the same score at a DIFFER- 
ENCE value of 5%. In such cases, to determine which 
value is a better choice, reduce the value of DIFFER- 
ENCE (in line 360) and run the program again. 

The program’s sample output clearly indicates that 
the design should use an R value of 28.0k 0. The 
program calculated the ideal capacitor values for each 
position; you should now use the closest standard-value 
parts, as follows: 


IDEAL 

VALUE USE 
C,=0.00212 uF 0.0022 pF 5% 
Coc=0.04912 pF 0.047 pF 5% 


C.,=0.00483 my 
C.=0.00162 uF 
Cic=0.01888 pF 
Cy. =0.00513 pF 
Cs=0.00226 uF 


0.0047 pF 5% 
0.0015 uF 5% 
0.018 pF 5% 
0.0056 pF 5% 
0.0022 uF 5% 


The results of a circuit simulation, using a version 
of Spice, indicate that the optimized 28k-0 filter design 
(Fig 3b) shows an improvement of only one- or two- 
tenths of a decibel over the standard 10k-2 design (Fig 
3a) in the passband area. However, an examination 
of the stopband area tells a different story. Figs 4a 
and 4b show expanded views of the stopband areas of 
Figs 3a and 3b. From Fig 4a, you'll see that the 10.0k- 
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AMPLITUDE (dB) 


FREQUENCY (Hz) 


(a) 


AMPLITUDE (dB) 


FREQUENCY (Hz) 


(b) 


Fig 4—These enlargements of the stopband areas of Fig 3 show 
that a filter with optimized component values performs better than 
one using ideal values. 


Q design degrades the stopband performance by almost 
6 dB compared with the ideal response. On the other 
hand, Fig 4b shows that the stopband performance of 
the 28.0k- design is actually better than that of the 
ideal filter. The tradeoff is a slight increase in passband 
ripple. The inequality of the return lobes between the 
transmission zeros is primarily a result of Cs’s value 
of 0.0015 pF. This standard value was furthest from 
the ideal value. 

Because the use of this optimization technique is 
equivalent to fine-tuning a traditional design, the re- 
sults are not always dramatic, but they are nonetheless 
real. The degree of improvement you achieve increases 
as the filter becomes more complex and performance 
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Selecting an appropriate filter-impedance 
value yields a set of standard-value compo- 
nents that preserves critical ratios. 


requirements more stringent. For moderate circuits 
like the one in the example, stopband improvements 
in Ayn of 3 to 6 dB are typical. 

Perhaps the most significant improvement lies in the 
overall closer approach to the ideal design: You achieve 
a better balance of components, and therefore worst- 
case tolerance accumulation is less of a problem than 
if you arbitrarily select some convenient value for Z. 
You'll still have some decisions to make, and perhaps 
you'll still have to do some experimental simulation to 
confirm your choice. Suppose, for example, that the 
program offers you two sets of values. Do you select 


the one in which all the components differ slightly (and 
by the same proportion) from the ideal values, or do 
you choose the one that gives you six very closely 
matched values and a seventh that is way off? 

The choice of certain component values in filter de- 
sign is not as arbitrary as you’ve been led to believe. 
Although this statement is true when applied to all 
filter topologies, the approach described here seems 
most effective in terms of active highpass-filter design, 
where you must first select the circuit-impedance level 
upon which capacitor values are dependent. You'll find 
the most noticeable improvement in applications that 


Optimization program is pliable 


The optimization program around 
which the accompanying article is 
based contains extensive com- 
ments, but further elaboration 
may help you to modify it accord- 
ing to your needs. Theoretically, 
you could add INPUT statements 
to accept the values that the pro- 
gram needs (lines 250 through 
390), but because you probably 
won't be doing this type of filter 
optimization very often, you'll 
probably find it more efficient to 
modify the program each time 
you need it. If you do decide to 
gather data with INPUT state- 
ments, you should also add an IN- 
PUT statement before the END 
statement at line 935, asking if 
you want to perform another run 
or if you want to exit. Developing 
a general-purpose program that 
applies to a variety of filters 
would be possible, but would 
probably take more time than it’s 
worth. 

Lines 100 through 210 dimen- 
sion and load the resistor array 
with the 1% standard-value incre- 
ments between 10.0 and 47.5 that 
are contained in the DATA state- 
ments. If you expand the array 
to include a greater number of 
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values, be sure to change the 
DIM statement in line 100 and 


the corresponding value of 


LASTVAL in line 390. However, 
it’s unlikely that you'll find any 
particular advantage in using a 
wider range of resistor values; 
the existing range always pre- 
sents several possibilities from 
which to select a practical circuit 
impedance, and higher R values 
merely increase the chances of 
making the design vulnerable to 
noise problems. 

Lines 250 through 310 assign 
values to the passive filter com- 
ponents shown in Fig 1. Enter 
the normalized values that you 
obtain for your design from filter- 
design tables (Refs 1, 2, 3, or Ta- 
ble 1). Depending on the filter 
topology, you may need to use 
more or fewer component values; 
if so, you'll also have to modify 
lines 560 through 880 to reflect 
the change. Lines 360 through 
390 contain run-time values that 
you may wish to change, depend- 
ing on your filter application. 

After line 430, insert an 
LPRINT statement that will gen- 
erate any control codes that your 
printer requires to set type size 


and spacing. If you have more 
than seven component columns, 
these codes should set up your 
printer for condensed mode. 
Lines 460 through 480 print a 
header for the output table. Lines 
520 through 670 calculate the 
ideal capacitor values required by 
the active-filter topology of Fig 
2, and lines 760 through 880 print 
the SCORE column. 

_ The first subroutine (lines 950 — 
through 1150) scales the ideal ca- 
pacitor value and then compares 
it in standard 5% increments to 
determine which is the nearest 
standard value. The routine re- 
turns a value (DIFF) that corre- 
sponds to the amount by which 
the ideal value differs from a 
standard 5% capacitor increment. 
The subroutine at line 1190 prints 
the SCORE bit for the compo- 
nent; the bit is a 1 if the value 
of DIFF is equal to or less than 
the user-defined variable DIF- 
FERENCE, and a 0 if DIFF is 
greater than DIFFERENCE. 
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The Wron PlaceT> 
Find Out Your ICs 
oS Aren't Rad-Hard Enough. 


«® 


Harris guarantees performance of its Count on us for the rad-hard military and commer- 
rad-hard circuits. Looking for the best protec- _ cial range ASICs you need to keep your systems at 
tion for your systems? Come to the most specified — peak performance. 

source for military rad-hard ICs. ..Harris. Our Rad-Hard/Hi-Rel Data Book tells the 


Our technology credentials span more than whole story of our products and processes. To order 
two and a half decades of programs, from your copy, call Harris Semiconductor gam 


S RAD-HARD/HI-REL 
3 CICD DATA BOOK 


Minuteman and Polaris to Trident II. Soon SDI. Custom Integrated Circuits Division. 
The only way to stay a leader in rad-hard and Inthe US.: 1-800-4-HARRIS, Ext. 1905. 

hi-rel circuits is to know where technology has In Canada: 1-800-344-2444, Ext. 1905. 

been, and where it’s going. Our know-how shows 

through...from more progress in new isolation 

technologies like Silicon-On-Insulator to continued FARRIS 

advances in tapping the inherent speed of GaAs. SEMICONDUCTOR SECTOR 
Your job’s not finished so neither is ours. 


©1988, Harris Corporation 
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The choice of certain component values in 
filter design 1s not as arbitrary as some text- 
books would lead you to believe. Better bal- 
ance leads to better performance. 


require high Q, low passband ripple, or multipole ellip- Author’s biography 

tic topologies, but for which cost constraints forbid the Brent F Balch is a principal engineer 

use of 1% or 2% capacitors. with Sensormatic Electronics Corp in 
It’s worthwhile taking the time to experiment with Deerfield Beach, FL, where he 1s re- 


uae aos sponsible for the design and develop- 
this approach. The program of Listing 1 is simple and ment of magnetic-field-disturbance sen- 


straightforward (see box, “Optimization program is pli- sor systems for protecting retailers 
able”). Once you understand the concept, you can easily against shoplifters. Brent holds a BS 
adapt the program to your particular design. & in neurophysiology from Florida At- 
lantic University. He’s an avid reader, 
but also enjoys racquetball, backpack- 
ing, and fishing. 
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LISTING 1 


10 ‘Program: VALUES.BAS 2-14-88 Rev: 3 

20 'This program lists the exact capacitor values required 
30 ‘in a 5-pole, 4-zero elliptic HP filter for various 

40 ‘impedance levels. Also indicates which capacitor values 
50 ‘are within a user-specified percentage of the nearest 

60 ‘standard value part. 


TO! 

90 ' DIMension array variables. 

1Q0 oe RES (66) 

120 Read 1% resistor increments into RES array. 
125 (There are 66.1% values between 10K and 47.5K) 
130 FOR — = | TO 66: READ KES( 1): NEAL 

140 ¢ 


150 DAZA 10.0,10.2,10.5,10./,11.0,11.3,1_.3,11.8,12.1,12.4 
160 DATA 12./7,13.0,13.3,13./,14.0,14.3,14./,15.0, |5.4,15.8 
170 DATA 16.0,16.5,16.9,17.4,17.8,18.2,i5. ,19.1,17.5,20.0 
180 DATA 20.5, 21.0,21.5, 22.1, 22.6, 23.2,23. /,24.3,24.9,25.3 
190 DATA 26.1,26./7,2/.4,28.0, 23./7,29.4,5).1,30.9,31.6,32.4 
200 DATA 33.2, 34.0,34.8, 35./,36.5,37.4,355.3,39.2,40.2,41.2 
210 DATA 42.2,43.2,44.2,45.3,46.4,47.5 
i 


220 

240 'These are the IDEAL normalized table values: +n 

250 L1 = 2.23582 

260 L2 = .09644 

270 €2 = .981i17 

280 L3 = 2.92215 

290 L4 = .25/66 

300 C4 = .88914 

310 45 = 2.09208 

320 ! 

340 ' These are the literal yaa the user may want to change: 

360 DIFFERENCE = .0S Max deviation from ideal value allowed 
370 FC = 1200 ' 3dB frequency for filter 

385 KOHMS = 1000 ' Scale factor for Res[]} 

390 LASTVAL = 66 ' There are 66 choices for Res([] 

395 

416 CMEGA = 2 * 3,1415926#% * FC 

A420 | 

430 ' Output header Eto printer. Listing continued on page 286 
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Make it friendly. 
Touch it. 


Design a system that gives you a 
competitive edge. Make it simple to 
use. Easy to learn. Make it friendly. 

With a touch input system from 
Carroll Touch, the world’s leading OEM 
Supplier of touch products. 

Discover the full line of solutions 
Carroll Touch offers. From infrared to 
overlay touch products. Select from a 
wide range of standard add-on units in a 
variety of sizes. Or from a line of fully 
integrated computer displays equipped 
with touch. Or specify your own unique 
requirements. 

Once you've chosen the Carroll Touch 
product that’s right for your system, you'll 
discover even more. Exceptional quality 
and ruggedness. High reliability. Low 
maintenance. Making touch more affordable 
and cost-effective than ever. 

Whether it’s sophisticated test equipment 
for automotive technicians. Or a medical 
diagnostic system for patient care. Make 
your next system friendly. Touch it. Begin 
by calling 512/244-3500. 


Carroll Touch 


a subsidiary of AMP Incorporated 


PO. Box 1309 

Round Rock, Texas 78680 
912/244-3500 Telex 881906 
CIRCLE NO 229 


LISTING 1 = (Continued) 


' This is the point to insert appropriate control codes to set your 
440 * particular printer into condensed mode if your filter requires more 
1 


445 than seven values. The header information in line 470 should also be 

450 ' modified as required. 

455 LPRINT 

460 LPRINT “Freq. = ';FC; * List the cutofe Erequency 

465 LERINT — DIFFERENCE = ":DIFFERENCE * 100;°S"; * List DIFFERENCE 

467 LPRINT 

470 LPRINI” R Cl C2C C2L C3 C4C C4L CS” 
475 LPRINT" SCORE" : | 
480 LPRINT" : : ’ 
ASS LPRINT” 2: 

490 ! 

500 '=============555=5=5=5=5==>==== MAIN PROGRAM ========== == === $35 5555 55555 55=5== 
520 FOR ( = 1 FO LASTVAL 

530 IF I = 55 THEN LPRINT CHRS(12) ' Advance to next page 


540 R = RESiI| * KOHMS 
560 ' Calculate optimum real values, scaled for impedance and frequency 


B70 Cl = 1000000:1/({L1 * R * OMEGA) 
BB0 C2C = 1000000!1/(L2 * R * OMEGA) 
590 C2L = 1000000:/(C2 * R * OMEGA) 
600 C3. = 1000000:/(L3 * R * OMEGA) 
610 cC4c = 1000000:/(L4 * R * OMEGA) 
620 Ca4L = 10000001/(C4 * K * OMEGA) 
630 CS = 1000000!/(L5 * R * OMEGA) 
640 ''! 


650 ' Print out the table of IDEAL cap values 
660 LPRINT R:" ‘°; 
665 LPRINT USING "#.#8#8#8 *:C12C2C;C2L;C3;C4C;C41:°C5; 


6/0 LPRINT * ye 
660 |. 
700 The following section prints a column indicating whether the ideal values 


1 
' fall within an allowable error ('DIFFERENCE') of a standard value 
720 ' capacitor. If several circuit impedance levels result in equal "scores, 
1 
' 


730 then reducing the value of 'DIFFERENCE' and running the program again 
740 will zero in on the optimum circuit impedance -level. | 
750 | 


Cl +: GOSUB 950: GOsUe i190 
C2C : GOSUB 950: GOSUB 1190 
C2L : GOSUB 950: GOSUB 1190 

* GOSUB 950: GOSUB 1190 
C4C : GOSUB 950: GOSUB 11590 
C4L : GOSUB 950: GOSUB 1190 
GOSUB 950: GOSUB 1190 


760 TEMPVAL 
780 TEMPVAL 
800 TEMPVAL 
820 TEMPVAL 
840 TEMPVAL 
860 TEMPVAL 
880 TEMPVAL 
900 

910 LPRINT 
920 NEXT I 
930 LPRINT CHRS(12) - 'Eject table from printer 
935 END 


tuu uw uo ou 
2) 
UD 


{2 
Nn 


940 's==sSSS555555555555555=F5F= SUBROUTINES ============$==5$5 3355555555 555555=-= > 
950 ' Determine which standard value 5% cap is nearest the desired ideal value. 
960 | 

970 ' Scale ideal capacitor values to the decade 0.1 - 1.0 for comparison. 

990 IF TEMPVAL: < 9.000001E-02 THEN TEMPVAL = TEMPVAL * 10: GOTO 990 

1000 DIFF = 0 

1030 IF ABS(TEMPVAL-1!)<ABS(TEMPVAL-.82) THEN DIFF=(TEMPVAL-1!)/l1!: RETURN 
1040 IF ABS(TEMPVAL-.82)<ABS(TEMPVAL-.68) THEN DIFF=(TEMPVAL-.82)/.82: RETURN 
1050 IF ABS(TEMPVAL-.68)<ABS(TEMPVAL-.56) THEN DIFF=(TEMPVAL-.68)/.68: RETURN 
1060 IF ABS(TEMPVAL-.56)<ABS(TEMPVAL-.47) THEN DIFF=(TEMPVAL-.56)/.56: RETURN 
1070 IF ABS(TEMPVAL-.47)<ABS(TEMPVAL-.39) THEN DIFF=(TEMPVAL-.47)/.47: RETURN 
1080 IF ABS(TEMPVAL-. 39)<ABS(TEMPVAL-.33) THEN DIFF=(TEMPVAL-.39)/.39: RETURN 
1090 IF ABS(TEMPVAL-.33)<ABS(TEMPVAL-.27) THEN DIF F=(TEMPVAL-—.33)/.33: RETURN 
1100 IF ABS (TEMPVAL-. 27) <ABS(TEMPVAL-. 22) THEN DIFF=(TEMPVAL-.27)/.27: RETURN 
1110 IF ABS(TEMPVAL-.22)<ABS(TEMPVAL-.18) THEN DIF F=(TEMPVAL-.22)/.22: RETURN 
1120 IF ABS(TEMPVAL-.18)<ABS(TEMPVAL~+.15) THEN DIFF=(TEMPVAL-.18)/.18: RETURN 
1130 IF ABS(TEMPVAL-.15)<ABS(TEMPVAL-.12) THEN DIFF=(TEMPVAL-.15)/.15: RETURN 
1140 IF ABS(TEMPVAL-.12)<ABS(TEMPVAL-.1) THEN DIFF=(TEMPVAL-.12)/.12: RETURN 
1150 IF ABS (TEMPVAL-.1)<ABS (TEMPVAL-. 08) THEN DIFF=(TEMPVAL-.1)/.1: RETURN 


1180 ‘Show whether ideal value is within DIFFERENCE of a standard 5% cap value 


1190 IF ABS(DIFF) <= DIFFERENCE THEN LPRINT “1"; ELSE LPRINT "0"; 
1200 RETURN 
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Disk-Caching SCSI for Multibus’ I. 


> on the CD22/4500. 


SOME THINGS 
ST AREN'T WORTH THE RISC. 


$ 49 had 


$174" 
AMD RISC Chip 
16 MHz, 12 MIPS 


20 MHz, 17 MIPS 


Motorola RISC Chip 


$179* 
LSI Logic SPARC Chip 
16 MHz, 12 MIPS 


$174* 
Intel RISC Chip 
20 MHz, 7.5 MIPS 


Any chip above would do a good job as 
an embedded controller in a disc drive, laser 
printer, or workstation. ) 

It's just that one can do it for a lot less 


money. The VL86CO010 32-bit RISC chip 
(ARM) from VLSI. 

It gives you the performance you need 
right now, in volume, for about $5 per 


MIPS. (The nearest competitor is $10 per 
MIPS. If and when the product is available.) 


YOU NOT ONLY SAVE CASH, 
YOU SAVE CACHE. 


Because the VL86C010 is not only 


less expensive, but easier to use than most 


*Prices based on: EDN, June 9, 1988; Electronics, April 14, 1988; Microprocessor Report, September 1988; Microprocessor Report, May 1988. Quantities of 100. 
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RISC chips, you save a bundle on your 
entire system. 

You dont have to pay for fancy memory 
schemes like cache or full static memory. 


Our RISC chip only needs 80ns DRAMs to 
run at a full 12 MHz. 

You save on real estate, too. You can design 
an intelligent controller with 4 Mbytes 
of DRAM that will fit on a standard XT 


expansion card. 


YOU'LL THANK US FOR 
OUR SUPPORT. 


Nobody else in the industry offers the 
peripheral support we do. 


**Price based on sample quantities. 
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AND SOME THINGS ARE. 


$50* 
VLSI RISC Chip 
12 MHz, 6.33 MIPS 


Ours is the only RISC chip with off-the- 
shelf peripheral support for memory, video, 
audio, and other I/O functions. 

Dont want to mess with microcode? 
That's okay. ANSI C, FORTRAN 77, and 
an Assembler/Linker will do very nicely, 
thank you. 

And were working on development sup- 
port tools like industry standard real-time 
executives and in-circuit emulators. 

But we saved the best for last. 

Because VLSI is a leader in ASIC and 


always has been, were now using our RISC 


as an ASIC core. ee 
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That means you can build your very own 
RISC system quickly and easily using VLSI 
design tools. 

Call 1-800-872-6753 and ask for our free 
VL86C010 brochure. Or write to us at 8375 
South River Parkway, Tempe, AZ 85284. 

And reduce your RISC. 


\ VLSI ‘TECHNOLOGY, INC. 


See us at 


COMMDEN/Fall ‘88 


Las Vegas Convention Center, 


West Hall, Booths W1074, W1076 
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It happens. A young engineer is told to 
design a competitively-priced modem 
less than half the size and twice the 
speed of anything out there. 

He sweats it out. Then, a senior 
designer who remembers what it was 
like says, “Problem? Try Rockwell 
International’ 


“It was my first modem project. 
When I had to find the right V32 solution, 
my brain froze solid” 


He calls. Rockwell listens. They 
understand his needs. They tell him 
about their advanced R9696DF a low- 
power, full-duplex V32 integrated data 
pump module that also communicates 
with the installed base of V.22bis, V.22, 
V.21 or Bell 212A/103 modems. 

He uses it. His modem is right on 
the money for the growing 9600bps 
dial-up market. And Rockwells stan- 
dard 5-year warranty guarantees his 
customers quality and reliability. 

Imagine how he felt when the engi- 
neering director told him,” We've got 
ourselves a winner. Good job. 

Call the leader in modem 
technology. Rockwell is solutions. 


A Rockwell International 


...where science gets down to business 


Aerospace / Electronics /Automotive 
General Industries /A-B Industrial Automation 
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Tired of trying to put 
a10-Ib. switchenin a 5-lb. bag? 


Boost Converter (5V to 12V) 


Vin Vw 


T1072 


1.24k 


Vin “REQUIRED IF INPUT LEADS =>2” 
—20V TO —56V 
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Up/down counter freezes at extreme counts 


Sheng T Lin 
Diasonics Inc, Milpitas, CA 


The discrete-gate up/down-counter design in Fig 1 has 
the unusual property of freezing—or saturating—when 
it reaches its lowest count in the down-count mode or 
its highest count in the count-up mode instead of rolling 
over and resetting as do most counters. This property 
proves especially useful in position-control systems 
where, for example, you wouldn’t want a robot’s arm 
to slowly move to full extension as the counter counts 
up and then have it suddenly slam back to its rest 


Qo Q; 


position as the counter resets to zero. 

You can cascade as many of the A cells as you need 
because the counter’s outputs are synchronous. The B 
cell accepts the carry bit from the most significant bit’s 
A cell and provides the clock control that stops the 
counter. Make sure that the Freeze input to the B cell 
doesn’t get asserted when the Clock input is low; other- 
wise, the counter may make an extra count. 


a ne aaa en oR a OG Se 
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FREEZEQ OCLOCK 


Qn-1 she 
O UP/DN 


iy 
a 


CK ICLR |DN/UP 


DN/UP 


STATE TABLE 


CLOCK sated Alas NEXT STATE 
N-1:--Yo 


Fig 1—This expandable counter will saturate at both its maximum and its minimum count. 
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PLD implements interrupt controller 


Stephen D Holle 
Technology 80 Inc, Minneapolis, MN 


The PLD program of Listing 1 implements a simple 
multiple-interrupt controller and presents an alterna- 
tive to the 8259 series of interrupt controllers. The 
design suits ~P systems that must service multiple 
interrupt sources but whose pP has only a single inter- 
rupt input and doesn’t permit vectored interrupts. 
Referring to Fig 1, you will see that the PLD accepts 
five interrupts—the high-priority interrupt, HI, and 


| 
@ 


@) 
(op) 
O 


H| © 


EX; e 


EN HI 


EN EX © 


EXo, EX;, EX, and EX3. The PLD also has two 
interrupt-enable inputs: EN HI enables HI, and EN 
EX enables the lower-priority interrupts, EXo.3. All 
the interrupt registers can activate the PLD’s IRQ 
output to interrupt the wP. The »P uses the IOR and 
CS signals to enable the individual interrupt-output 
lines and to clear the interrupt registers. 
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ALTERA EP600. 


Fig 1—This PLD provides a simple alternative to 8259 interrupt controllers. 
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tiny SPOT switches 


absorptive... reflective 


ac [0 46 GHz from PSO 


Tough enough to pass stringent MIL-STD-883 tests, useable 

from dc to 6GHz and smaller than most RF switches, Mini-Circuits’ 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1MHz, these GaAs 
Switches can operate down to dc with control voltage as low as -5V, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
Switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast... to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Mode! KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typo max 
dc-200MHz OO ta Ss (elie | 
200-1000MHz AOS 3 O98. 24.3 
1-4.6GHz pee Senet Bed £5 Ss BG 
ISOLATION (dB) tyo min tyo min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
VSWR (typ) ON 1.3:1 ts 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
PS up to 500MHz +17 +47 
finding new ways ... se above 500MHz +27 +27 
setting higher standards CONTROLVOLT. —-8V on, OVoff. -8V on, OV off 
Mini- Circuits OPER/STOR TEMP. -55° to +125°C. -55° to +125°C 
PRICE (10-24) $32.95 $48.95 
A Division of Scientific Components Corporation $69.95 $79.95 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 5850844 or 620156 Eocene 
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LISTING 1—PLD INTERRUPT CONTROLLER 


aa / 


Inputs 


Outputs 


LOY cs 


ex3 
ex2 
exi 
exd 
hi_en 
ex en 
hi 


wn / 


ad 
d3 
a2 
di 
do 
b4 
bs 
b2 
bi 
bO 
dr 
irq 


we 82 we 88 we BH Be Be 


we Se wee Be we YS we 88 We SH We Be 


{/* 
/* 
/* 
/* 
/* 
/* 
fi* 
/* 


/* 
/* 
/* 
/* 
/* 
{j* 
/* 
/* 
i* 
/* 
/* 
{i * 


PC bus i/o read ORed with 


external interrupts 


enable for 1m628/629 interrupt 
enable for external interrupts 


1m628/629 interrupt 


status storage: 


a4 


d3-doO 


hi. 
ext4-1 


tri-state status outputs 


read/clear flip-flop 
interrupt request out 


/** Declarations and Intermediate Variable Definitions **/ 


€a = hi_en & d4; 
6b = ds # 
c = b & @x en; 


/**« Logic Equations **/ 


d2 # di # do; 


“bl: 


t0r Cs; 
ar .aib; 


‘bo 1: 
hi: 


dr .dtb: 


, bH 1 - 
ex3; 


ar .afb; 


Go yee Be 
ex2; 


dr .dib; 


“bis 
exl;: 


adr ,cdip: 


Se at 1 s 
exO:;: 


dr.dib: 


/* 
J 
/ * 


/* 


gated hi interrupt 
combined external interrupts 
gated combined external ints 


clear after read flip-flop 


interrupt storage flip-flops 


/* tri-state status output 


/* 


interrupt request output 


tcs 


«/ 
x / 
x/ 
x / 
x / 
x / 
eae d 
x / 


x / 
*/ 
x / 
x / 
*/ 
x / 
a / 
«/ 
*«/ 
«/ 
*/ 
x/ 


«/ 
*/ 
«/ 


= / 


x / 


«/ 


x / 
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Great code compatibility. 


Terrific performance. Superintegration: 


Zilog’s Z80180™ is the CMOS general purpose controller 
with the high performance and the on-board peripherals 
that make it clearly the cost-effective, space-saving choice. 


Whether you're upgrading a Z80 application or designing a 
totally new system. 


_ ee . Nn. 
Zilog is Superintegralio”. 
A SIGs are the obvious “none Ke if Ue 
a Gecustomized produc JO nels 
SE ileat that, as the ee on a8 oy ' 
PT. aan orows, the need for a net at 
fan csp 
0 AS: . 
Wb cori Superintegration, Zilog has “ee Ae 
| rapidly growing family of PP ASSP eS ane cores 
pb diicte (ASSPS). SUMP PUD Ore e ea 
: acl ne ie enhanced for specific applica 
and cells cO 


ASSPS 
- tions. They are not custom parts. In fact, the A 


lete 
“and think about this. N obody ee ie a 
. working generic COTE © ‘fod t 
ey  istoan he Nobody Is better gee 0 
: eee deliver-Superintegration ae 


Right product. Right price. Right away, Zilog 


Full software compatibility. 


You'll be up and running with the Z180 immediately. 
Because it’s 100% object code compatible with Z80/8080." You 
probably already know the code, so you can port right onto 
the Z180. Not only that, since Zilog originally developed the 
part jointly with Hitachi, the Z180 is directly compatible with 
Hitachi's version, the HD64180Z" 

Enhanced performance. 


Of course, the Z180’s CPU core gives you more power and 
speed than discrete CPUs. Besides that, there are several new 
instructions. You also get operating frequencies to 10 MHz. And 


you have the overall performance advantages of CMOS and 
Superintegration” 


The important peripherals are on board. 

The Z180’s high integration results in impressive savings 
in costs and real estate. The MMU gives you one Mbyte of 
addressing space. You have 2 DMA channels, 2 UART channels, 
and 2 16-bit programmable counter-timers. Plus wait-state 
generators, an interrupt controller, a clock oscillator/generator, 
and a clocked serial I/O port. All integrated on the Z180 chip. 

If this isn’t enough to convince you to take a look at what 
the Z180 can do for your design project, here’s a little more to 
consider. The full complement of development support tools are 
readily available from industry leaders. And the Z180 comes to 
you off-the-shelf, backed by Zilog’s proven quality and relia- 
bility. Find out more about the Z180 or any of Zilog’s growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 

110 Hacienda Ave., Campbell, CA 95008, (408) 370-8000. 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611. 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046. 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec., 
JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241-3611, Mexico—Semiconductores 
Profesionales (5) 536-1312. 
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Source follower linearizes photodiode 


Joseph L Sousa 
Hybrid Systems, Billerica, MA 


A common method of transforming the output current 
of a photodiode into a voltage signal—paralleling the 
photodiode with a high-value load resistor (Fig la)— 
produces a nonlinear response. Also, the combination 
of the load’s transresistance, Ry, and the photodiode’s 
junction capacitance, Cj, slow the circuit’s response 
time. Fig 1b shows virtually the same components as 
Fig la rearranged to maximize the inherent speed and 
linearity of the photodiode. The Hybrid Systems 


0 TO 10V 


10V O-==-4----- 


DcLamp 
SILICONIX 
JPAD20 
(OPTIONAL) 


r =. 
OK 
; (OPTIONAL) 
= t 


Fig 1—By rearranging the components in a, the circuit in b im- 


proves the speed and linearity of the photodiode’s response. 


(Billerica, MA) SP4010 is a unity voltage-gain buffer 
with aJ FET input, 60-MHz 3-dB bandwidth, and 18-bit 
(0.0004%) linearity over a +10V input range. 

In the circuit of Fig 1b, the photodiode sees a con- 
stant voltage across its terminals, which is essential 
for linear photodiode outputs. The optional zener diode, 
Dz, sets a reverse bias at the photodiode for lower 
junction capacitance and higher speed (if you don’t use 
Dz, be sure to connect the feedback loop). An optional 
diode, Dc, amp, limits the output in case of unexpected 
light bursts but results in increased dark-current leak- 
age and lower speed. The buffered output of the circuit 
equals the photodiode current times the transresis- 
tance, Rp. Fig 2 shows the circuit’s response to a fast 
light pulse. EDN 
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LIGHT IN e CH2 


Ice 
eigen ee 
So oe 


100 nSEC/DIV 


CH1 
200 mV/DIV 


Fig 2—In Fig 1b’s configuration, the source-follower circuit pro- 
vides a virtual short circuit at the photodiode to achieve high speed © 
and 0.0004% linearity. 


Discrete-amplifier circuit sums signals 


Michael Wyatt and R E Younski 
Honeywell, Clearwater, FL 


The simple discrete-amplifier design of Fig 1 provides 
a high-speed summing node without resorting to an 
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op amp. The circuit handles +1V signals with less 
than 1% distortion, has a small-signal bandwith greater 
than 10 MHz, and consumes 13.7 mW. The measured 
output-signal swing is 6V p-p. 

Transistor Q), operating as a common-base stage, 
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Mixed Signal Outputs | 
Analog 10V 100 MHz 
Digital ECL/TTL 

| 200 MHz Clock 


| Single Channel — 
Low Cost, Upgradeable 


Dual Channel, Summed, Phased, _ 
or Differential Outputs 


_ LeCroy's family of high © 

_ performance generators, backed 

by our unique EASYWAVE® ee 
Waveform Creation Software, lets 

- you generate the most complex 

_ waveforms in just minutes. 

Call today, 1-800-5LE CROY or 
914-578-6020. Let us demonstrate _ 
how easy waveform generation 

can be. | 


Innovators in Instrumentation 


-—. Circle 110 for Information Circle 111 for Demonstration 
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R7 
11.3k R3 Qo 
12k a ae 
Q 


1 
2N2222A 
e 
BIAS VOLTAGE 


Q3 
2N2222A 


4 
0.1 pF ; 


INPUT R, Cy 


C3) OUTPUT 


INPUT Re 


C2 
B 12k 0.01 pF 


Fig 1—In contrast to designs based on conventional op amps, this 
discrete summing-amplifier circuit doesn’t suffer from a rapid fall- 
off in gain with increases in frequency. 


achieves low input impedance and wide bandwidth. 
Thanks to the low input impedance of the common-base 
configuration, Q ;’s emitter appears as a virtual ac 
ground to both the input and the output signals without 
requiring the excessive negative feedback you would 
need with a conventional op amp. 

Maintaining a near virtual ground at high frequen- 
cies is essential to ensure accurate summing. The open- 
loop gain of a conventional op amp falls off rapidly 
with increasing frequency. This fall-off restricts the 
effectiveness of the negative feedback. Limiting the 
feedback’s effect will cause an op amp’s virtual ground 
to increasingly deviate from true ground potential as 
frequency increases, thereby creating summing errors. 

Qo, a high-frequency pnp transistor, provides voltage 
gain and determines the high-frequency characteristics 
of the circuit. Because Miller capacitance limits the 
circuit’s high-frequency gain, you should use a good- 
quality, high-frequency pnp device, such as a 2N4957, 
for Qo. Qg, an emitter follower, buffers Qs and supplies 
negative de and ac feedback to Q; to maintain Q,’s 
operating point and to further reduce the virtual ac 
ground’s impedance. You can substitute any general- 
purpose npn transitor for Q; or Q3 because Qo’s pole 
dominates the circuit. 

The summing gain is equal to —Rs5/R, for input A 
and —Rs5/Ro for input B. You can add extra inputs as 
required. Resistors Rg and R7 and diode D, form a 
temperature-compensated dc-bias network that gives 
crude, but adequate, first-order compensation. The 
network causes Q; and Qs to operate with collector 
currents of 145 wA and causes Q3 to operate with an 
emitter current of 620 pA. =DN 
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Pulse generator boasts 
very low duty cycle 


Alex Ureche 
Coopervision Surgical, Irvine, CA 


Using a precision oscillator and a few CMOS counters, 
you can build a precise, very low duty-cycle pulse gen- 
erator. You can add as many counters as you desire 
to make the period as long as you wish. The circuit in 
Fig 1 will generate a pulse about 5 msec long every 
24 hours—a 5.9-6% duty cycle. 


To Vote For This Design, Circle No 750 


-795-kHz 
OSCILLATOR 


Sona aae 24 HOURS ————>| 


> 


CO] O| BD 


>| «5 mSEC_ 


Fig 1—This low-duty-cycle pulse generator produces one 5-msec 
pulse every 24 hours. 
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CONFIGURE-YOUR-OWN 
MIL SPEC ¢- HIGH RELIABILITY 


POWER SUPPLIES 


INTRODUCING EL 2000 SERIES 
to DC and DC to DC multi output systems. 


ARNOLD MAGNETICS 


cador, a 93010-S 
: FAX: (805) 484-4113 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


e en of Thra 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


a2us 


HE REAL COSTS 
BECOME CLEAR 
FTER YEARS OF 


days manufacturing. ‘Quality 4d d availability are top priorities. 


Electronics dominate 


OPERATION 


f you buy low price switching power supplies you 
may save some money in comparison with Mel- 
cher products. 

In the long run, however, savings like these 
can easily turn out to be very expensive. If your 
power supply fails; if you suffer loss of production; if 
it interrupts communication links; if it endangers 
people and goods through medical or supervisory 
system break-downs. 

Investing in Melcher supplies is a great protec- 
tion against future costs and troubles like that. By 
worst-case design, hot-spot avoidance and derat- 
ing of essential components for high reliability; 
using selected power FET’s, free-wheeling circuits 
and low loss magnetic cores for maximum 
efficiency; choosing highspeed comparators and 
custom designed gate-arrays for outstanding dy- 
namic behaviour etc. And all this without any derat- 
ing over the entire range of ambient temperature. 

All these advantages naturally have their price. 
A price, however, which is easily eco- 
nomized by continuous saving of 
operational costs. Ask for 
our documentation 
on quality and eco- g 
nomy of Melcher ## 
power supplies. Just “"%§ 
give us a call. 


SUPPLYING GREAT PERFORMANCE: 


MELCHER 
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WHAT DO YOU GET WHEN 
YOU COMBINE A SYSTEM 
DMM WITH A SCANNER? 


Start with a full system DMM. 
Add the optional switching 
function. For $995 and $395, 
respectively. All in one compact 
half-rack case. 

You get just one instrument 
to buy and maintain. There’s 
just one instrument to learn, 
program, and control. You use 
just one IEEE address, just one 
rack space. 

And you get the ability to 
switch up to 40 channels per 
second, stock shipment, 30-day 
money-back guarantee, and 
2-year warranty. All for half the 
cost of anything comparable; 


less than the cost of some plain 
DMMs. 
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51 digits by 8 channels by 312" high. 


Order them together or sepa- 
rately. The option is factory- or 
field-installable. And, like every 
Keithley instrument, they come 
with full-time access to the 
assistance of our experienced 
Application Engineers. 

Call toll-free 1-800-552-1115 
to order or to obtain further 
information. 

Keithley Instruments, 

28775 Aurora Rd., Cleveland, 
OH 44139. 
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Model 199 System DMM 

e 51,-digit resolution 

¢ DCV, ACV, DCI, ACI 

¢ 2-, 4-wire ohms, dB 

e nV, Im, 100nA sensitivities 
¢ 70 ppm 1 year basic accuracy 

¢ 150 synchronized readings/sec. 
© 500-point datalogging memory 
e [EEE-488 interface standard 

e $995. 


Model 1992 Scanner Option 


e Eight 2-pole channels or four 
4-pole channels 

¢ <1yuV contact potential per contact 
pair 

¢ 40 channel /second switching speed 

e Factory or field installable 

© $395. 
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provide precisely the right style, configuration 
and rating for your designs. 

LE Cc - Oo 1X Also available are illuminated rocker handles in LED or neon. 

: 1 S C = i TA Compact SNAPAK circuit breakers are offered in single- and 


For circuit breaker choice that’s recognized throughout the world, Airpax has 
C a O C i the answer. Our SNAPAK® circuit breakers are available with rocker, toggle, 
paddle, baton, push- g pull or push-to-reset actuation. They offer you a wide 
For enhanced aesthetics in front-panel applications, the SNAPAK family 
double-pole designs, in ratings and delays from 0.10 to 15 amperes, 


: fi ‘i, ei = C C , O Ni choice of reliable, magnetic circuit protection to 
includes paddle, rocker, and baton handles in seven attractive colors. 
in either DC, 50/60 Hz or 400 Hz versions. In addition, a variety 


of mounting hardware and indicator plates allow 
Di a AU WAH i vertical or horizontal mounting, with standard 
‘‘on-off”’ or “‘I-O”’ imprinting for international 


& designs. Reach out to world markets. Contact Airpax Company, Woods Road, Box 520, Cambridge, 
cE +R MD 21613. (301) 228-4600. A division of North American Philips Corporation. In Europe, contact N.V. 
AFE Airpax S.A., Rue de la Bienvenue, 7-9, B-1070 Bruxelles. Phone: + 32-2-526.29.11. 
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For circuit breaker protection that’s recognized 
PRO EC : te Ni throughout the world, Airpax has the answer. Our 
g ©NAPAK® circuit breakers are UL recognized and 
CSA certified, and include many 
L A a RO : ECCIO fe versions that are SEV approved, VDE 
approved, and meet IEC spacing 
requirements. They offer reliable, 
L A PRO : EC é ION magnetic circuit protection in the most 
compact breaker design worldwide. 
SNAPAK snap-action ensures greater 
L A - RO : ~ Z te) N - lifespan, withstanding shock, vibration 
to +85°C. SNAPAK circuit breakers are 
Di a &, || C ~~ - “ou Ni G also trip free, protecting against overload 
even when forcibly held in the ‘‘on”’ 


and temperature fluctuations from -40°C 
{ a i position. Reach out to world markets. Contact Airpax Company, Woods Road, Box 520, Cambridge, 
As 


MD 21613. (301) 228-4600. A division of North American Philips Corporation. In Europe, contact 
N.V. Airpax S.A., Rue de la Bienvenue, 7-9, B-1070 Bruxelles. Phone: + 32-2-526.29.11. 
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Additi 


Imagine creating an engineering 
workstation with astonishing ease. 
Faster. More efficiently. More 
accurately than ever before. Gould 
now makes a spectrum of solutions 
possible with PC Instruments, an 
exciting new integrated family of 


Simultaneous status review of 
up to seven instruments. 


hardware and software designed 
to solve your toughest testing 
problems. 


The System is the solution. 
With PC Instruments you have a 
functionally complete system in- 
cluding acquire/measure, stimulus/ 
source and control/switch. With 13 
lab quality, IEEE-488 instruments 
that include a 51/2 digit multimeter, 
three transient recorders, universal 
counter, 16 bit A/D converter, FFT 
signal analyzer, digital storage 
oscilloscope, voltage/current cali- 
brator, function-pulse generator, 
DC power supply, relay scanner 
and digital input/output. All mod- 
ules are stackable to save space. 
Resident connectors automatically 
establish IEEE-488 bus connec- 
tions for fast and easy configuration 
and reconfiguration. 


Increase productivity. PCl's 
five software modules are simple to 
use yet meet the most demanding 
application requirements. Forget 
about complex pro- 
gramming codes or 
IEEE-488 com- 
mands. Gould's 
icon-based software and 
uniform soft front panel 
displays immediately 
put you In complete 
control of set up and 
operations. The state-of-the-art 
Automatic Test Program 
Generator, complete with 
analysis and convenient 
instrument control soft- 
ware, Offers the solu- 
tions you need. At 
your fingertips. 


Utilize any PCI-SNAP analysis function. 


Compatibility is the key. 
Whether your test application Is 
physical, electromechanical or elec- 
tronic, the Gould PCI opens the 
door to a wide range of solutions. 


file Systex Devices fenesyn Panel TtkE hus Help 
PANELELY 18 wrTKe sy : i 


+1 .BO71E+21 en 


Easily integrate non-Gould instruments. 


Its open system architecture lets 
you easily integrate any IEEE-488 
device. Integrate application- 
specific software and you have a 
total system tailored to your 
precise needs. 

The answer costs less than 
you think. Youll be surprised how 
little it costs to maximize produc- 
tivity. Gould's graphic-based soft- 
ware can dramatically reduce your 
software development time. By as 
much as 75%. The total solution is 
yours for a fraction the cost of con- 
ventional IEEE-488 systems you’re 
USING NOW. 

The Gould Standard. After 
more than 50 years of experience 

in testing, working with- 

In a broad spectrum of 

analog and digital 
solutions, Gould 
brings you a measure of 
quality no other company 
can offer. We invite you 
to compare, compute, 
and compete on our 
new PCI. You'll find, in, 
the final analysis, 
Gould's got the 
solution. For more 
information write 
Gould Inc., Record- 
ing Systems Division, 
3631 Perkins Avenue, 
Cleveland, Ohio 44114. 
Or call, 216-361-3315. 
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CANON VERY HIGH RESOLUTION 
LASER ROTARY ENCODERS 


FEATURES: “a 
e COMPACT SIZE 
e LOW INERTIA 

e HIGH RESOLUTION | 
e Direct Coupling 
e Pure Sine Wave Output 


e Either Sine Or 
Square Wave Output 


e Analog May Be 
Multiplied Up To 
16 Times 


e Absolute Models 
Available 


APPLICATIONS: 

e Robotics 

e Machine Tool 

e Imaging Systems 

e Calibration Equipment 
e Surveying Equipment 


Very high resolution laser rotary encoders 


ANGULAR 
(ppr) VELOCITY Analog or Output Absolute or uals 
(rps) Digital Circuit Incremental (mm x mm) 
6.2 Op Amp + 
(372 rpm) Analog | Serial Resistor | Incremental 36 x 48 
(1 Vp-p) 
oe Op Amp + 
phallic aS 500 7.6 Analog | secarmes Absolute | 56x80 
(456 rpm) erial Resistor 
Absolute 256 (28) P (1 Vp-p) 
Absolute 256 (28) (456 rpm) (Balanced) 


40 ie 
50,000 2,000 (2400 rpm) Digital 56 x 70 


** Cl 16-1 (16x output pulse) Interpolator available with Analog Output units. 
SEE US AT WESCON 


BOOTH #3003, 3004, 3005. 


MAXIMUM 

FREQUENCY 
RESPONSE 

(KHz) 


RESOLUTION 


Line Driver 
(Balanced) 


PLEASE CONTACT CANON DIRECTLY FOR SPECIAL APPLICATIONS IN O.E.M. QUANTITIES 


New York Office/Headquarters 


C ah On One Canon Plaza, Lake Success, NY 11042 + (516) 488-6700 FAX: (516) 354-1114 
Santa Clara Office 


CANON U.S.A. INC. Components Division 4000 Burton Drive, Santa Clara, CA 95054 + (408) 986-8780 + FAX: (408) 986-1557 
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When your specs 
call for modifications 
and custom design 


call for Emcor 


No one is better suited to provide 
enclosures and consoles exactly to 
your specifications than EMCOR. 
From holes, cutouts and knockouts 
to special configurations, sizes and 
aoe shapes —EMCOR will help you 

_ make your system functional. 


yy 


EMCOR's full service design capa- 
bility starts with a factory sales staff 
and field representatives who under- 
stand your enclosure needs. They 
will assist you in determining 
whether a simple modification of a 
catalog product or a total custom 
design is necessary to satisfy your 
SS rr—C—C“<COdw*sCOrsCisCrisCrs—CC requirements. Then you'll benefit 
| | from our experienced design engi- 
neering group using the latest CAD/ 
CAM technology. They'll work with 
your designers in offering sugges- 
tions and helping to find the most ef- 
ficient way to build your enclosures. 


To build it just the way you want it, 
EMCOR has a group of skilled metal 
fabrication craftsmen dedicated to 
custom work. Lower volume re- 
quirements are handled in one of 
two specialty shops; higher volume 
requirements are run through our 
modern 600,000 square foot pro- 
duction facilities. To insure the 
dimensional accuracy of all items, 
quality control equipment such as 
portage tables and Brown & Sharp 
Validators are used. To insure per- 
fect color match, our state-of-the- 
art paint laboratory uses an ACS 
digital color computer. 


Pictured at left is a custom console, 
designed and manufactured to 
meet special requirements. We can 
do the same for you. For custom 
design or minor modifications, no 
job is too small or too big... . or too 
difficult. Get exactly what you want 
from EMCOR. ~ 


1600 - 4th Ave. N.W. 
Rochester, MN 55901 
Phone 507-289-3371 
Crenlo, Inc. FAx #507-287-3405 


OO ee 


FROM FLOOR 


{ FROMT PANEL MoT 
REMOVEABLE 


EMCOR 


See us at the WESCON Show, Booth #2628-2630. 


EDN November 10, 1988 CIRCLE NO 241 315 


“| need a supplier who 
can design, protot 


build and 
Ship cable 


assemblies 
to my specs. 


Turn to 3M for cable assemblies created for your 
specific application. 

We'll help you right up front with design assistance 
to quickly turn your interconnect idea into a prototype. 
Manufacture as many finished assemblies as you need, 
to your most demanding specs. Then deliver everything 
you need—from pressed and molded to high-speed 
transmission line and fiber optic cable assemblies—to 
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cer’ © 
FOr" cor ot ior" 


cow 

a aeinet AS 
yay spe 
a cai S. 
ann asse™ ihe 


cate @ 


meet your most 
ambitious production 
schedule. i 

You get all the well-known 3M 

quality in assemblies that meet your demanding 
criteria. Without having to cope with rejects or in- 
house modifications. You get the reliability you need 
to help eliminate wasted time or field failures. And the 
just-in-time delivery programs that reduce inventory 
and materials handling costs. 

There’s only one place tough customers turn to 
no matter what their specs. 3M. For information, dial 
1-800-CALL-EPD. Or call from your modem 1-800-444- 
8080 (300-2400 baud, 8 bit, no parity 1 stop bit) and 
enter the access code 3MEPD4 when prompted. Or 
write 3M Electronic Products Division, Department F, 
P.0. Box 2963, Austin, TX 78769-2963. 
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NEW PRODUCTS 


COUNTER/TIMER 


®@ Operates to 50 MHz 

@ 24-bit resolution 

Guaranteed not to miss a single 
count at 50-MHz inputs, the Model 
0024 counter/timer consists of a 
counter with 24-bit resolution and 
a programmable time base. You can 
program by counting intervals from 
100 nsec to 16 sec, and you can in- 
terface the counter data to either 
8- or 16-bit wP data buses. The 5024 
supports frequency-counting and 
period-averaging techniques, oper- 
ating in both continuous and single- 
sampling mode. The 5024 includes 
a clock oscillator, a 24-bit counter 
with overflow flag, output, and pro- 
gramming data latches, and control 
logic. An internal multiplexer con- 
trols the switching and the clock in- 
puts. The user need only supply a 
clock signal or crystal at any fre- 
quency to 20 MHz, and the input 
frequency to 50 MHz. The 5024 


LOW POWER Po 


PCM REPEATER 


@ T1 and CEPT1 compatible 
®@ Operates from a 5.1V supply 
Designed for digital PCM carrier 


systems operating at Tl and. 


CEPT1 rates, the XR-T56L22 re- 
peater IC provides all of the active 
circuitry needed for one side of a 
PCM repeater. Powered from a 
5.1V supply, the IC requires 8.75 
mA of current. The XR-T56L22 fea- 
tures an on-chip shunt regulator, an 
internal 90° phase shifter, dual- 
matched automatic line build-out 
ports, and a clock output. The low- 
power IC requires a minimum num- 
ber of external components, thus 
permitting the same power supply 
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comes in a double-width 40-pin plas- 
tic DIP. $24 (100). Delivery, stock 
to eight weeks ARO. 

Dymec Inc, 8 Lowell Ave, Win- 


to drive a greater number of paral- 
lel-connected repeaters. The clock 
output enables the design of a digi- 
tal-code loopback circuit that meets 
the new Bellcore requirements. In 
plastic and ceramic DIPs, and sur- 
face-mount packages. $7.25 (1000). 
Exar Corp, Box 49007, San Jose, 
CA 95161. Phone (408) 434-6400. 

TWX 910-339-9233. 
Circle No 352 


DISPLAY DRIVER 


@ Improved second source 
@ Pin-compatible with 4810 and 
3810 

Designed for dot-matrix and vac- 
uum-fluorescent displays, the 
HV6810 driver has a 10-channel, se- 
rial-to-parallel latched display. It’s 
an improved second-source replace- 
ment for industry types 4810 and 
5810. The HV6810 features an 80V 
(90V max) operating voltage and 


chester, MA 01890. Phone (800) 
225-1151; in MA, (617) 729-7870. 
TWX 710-348-6596. 

Circle No 351 


zero high-voltage standby power. 
Each output of the HV6810 can 
source 60 mA of current and has 
an active pull-down feature. The de- 
vice also features a TTL-compatible 
logic section, 5V CMOS-compatible 
inputs, and a serial-data output that 
permits cascading of additional 
chips for use with large displays. 

DIP, $1.35; SOIC, $1.53 (100). 
Supertex Inc, Box 3607, 
Sunnyvale, CA 94088. Phone (408) 

744-0100. TWX 910-339-9388. 
Circle No 353 
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NEW MICROLITHIUM BATTERY SERIES 
JOINS THE DURACELE XE 


POWER FAMILY! 


Today Duracell is your 

best source for all your | 

lithium battery needs. 
First with high-power 


consumer-replaceable lithium 
batteries, Duracell now introduces | 
the MicroLithium Battery Series 
for long-life, low-drain applica- : 
tions. These new lithium/ 
manganese dioxide cells have 
the same quality 
and dependability 
as our popular 
High Power 
Series, but have 
been optimized 
for micropower 
equipment. UL 
recognized, 
they're available in a wide-range 
of coin and cylindrical sizes, with | 
or without pin terminations. 


RGR a EE EATER OSORIO 


volt, 


DL123A 
high-power consumer- : 
replaceable lithium batteries. : 


LOLOL 


cg 


Our sales engineers 


listen to your engineers. 


World-wide, you can count 
on our field sales engineers for 


Assorted cell sizes and PCB pin types. Shown are 
DL2450; DL2032 with chip-straddle pins; DL1/3N. 


expert applications assistance, 
battery samples, and test infor- 
mation, when you need it. From 
form-fit evaluation to component 
Sourcing, we can help match the 
optimum lithium cell to your 
requirements. 


Stet ee mist isk linet saat 


SuSE 


318 


| Authorized Value “Added Assem- 
Supply you 


SPECIAL 10% INTRO- 
| DUCTORY DISCOUNT! 


BEREE TONERS 


_ Custom assemblies. . . 
_ standard solutions. 
Our national network of 


blers can 


with special 


terminations 
and battery : clock battery. 
packs. And : 


Duracell will 


coordinate the | Duracell... 


effort and _ SO very easy 
assist in the to work with. 
oie ‘= The Duracell Team is just 
too! a phone call away to help you 


in fulfilling your battery require- 
ments, from technical information 
to competitive pricing and quick 
deliveries. With Duracell, satisty- 
ing your lithium battery needs is 
easier than ever! 

Call us today at one of the 
_ toll-free numbers listed below 
and lock in your 10% introduc- 
_ tory discount. 


“Discount applies to cells with and without PCB pins 

purchased directly from Duracell: DL2450; DL2430; 

DL2032; DL2025; DL2016; DLAAL; DL2/3AL; 
2AAL. 


Popular-size cylindrical configurations. DL1/2AAL; 
DL2NSE; and DL2/3AL. 


A tga ooo 


We want you to try the new 
DURACELL XL MicroLithium > 
Series of batteries. Thats _<_— 
why we're offering a | : 
special discount on 
all new customer 
orders placed 
and shipped be- 
fore June 30, 1989.* 


DURACELL INC. 
OEM Sales and Marketing Group 
Berkshire Industrial Park 
Bethel, CT 06801 


2/3AL with single pins (polarized pins available). 


FOR INFORMATION AND 0 GET YOUR ote DISCOUNT CALL: 
East 7.$ : (In Connecticut, 


203-264-3935) 
4 (In Illinois, 
Central 312-954-2714) 
(In California, 
800-225-1962) 


©1988, Duracell Inc. 
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DUAL-MOTOR DRIVERS 


e Has two full-bridge drivers 
@ +750-mA continuous output 
current 
Designed to drive both windings of 
a bipolar stepper motor, the 
UDN2916B and UDN2916EB in- 
clude two full-bridge drivers, each 
with its own PWM circuitry. Either 
IC can replace two PBL3717-type 
devices. The UDN2916 drivers fea- 
ture a continuous output current 
rating of +750 mA; they can handle 
+1A peak at start-up. Each bridge 
includes both ground-clamp and 
flyback diodes for protection 
against inductive transients, as well 
as self-resetting thermal protection 
that disables the outputs whenever 
the chip temperature exceeds 
160°C. Internally generated delays 
prevent crossover currents when 
the circuit switches. A PWM loop 
accepts 2-bit logic inputs for digital 
selection of motor-winding current. 
UDN2916B, in a 24-pin DIP, $2.09; 
UDN2916EB, in a 44-pin PLCC, 
$2.41 (1000). Delivery, 8 to 12 
weeks ARO. 

Sprague Electric Co, Semicon- 
ductor Group, Box 2036, 
Worcester, MA 01618. Phone (508) 
853-5000. TWX 710-840-6304. 

Circle No 354 


SCSI CONTROLLER 


@ Fabricated in low-power CMOS 

© Compatible uith NMOS version 

Designed as a plug-in replacement 
for the NCR 53C80, the Amd53C80 
is a functionally-compatible replace- 
ment for the Am5380 NMOS type. 
At 105 mW, the power consumption 
of the Am53C80 is about 60% less 
than the NMOS version. Like the 
Am5380, the Am53C80 provides an 
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asynchronous interface with data- 
transfer rates to 1.5M bytes/sec. 
The IC supports arbitration and in- 
cludes parity generation with op- 
tional checking. High-current out- 
puts provide direct connection to 
the SCSI bus. The Am53C80 com- 
municates with the system CPU as 
a peripheral device. By reading 
from or writing to the appropriate 


registers on the SCSI controller, 
the CPU can initiate any bus activ- 
ity, addressing both standard and 
memory-mapped I/O functions. In 
48-pin DIPs and 44-pin PLCCs. 
$9.50 (100). 

Advanced Micro Devices, Box 
34538, Sunnyvale, CA 94088. Phone 
(408) 732-2400. 

Circle No 355 


and balanced the moment 


dof bulk, we give you alam 
it’s barely three-dimensional— 


{almost edge to edge. We can 
mak yur lamps in all kinds of sizes and 


. truding knobs and switches. 


that’s hot, we give you capacitance- © 
_ ofalimited color range, we can makea 


Instead of sudden death, we give you 


lamps with useful lives exceeding 10,000 


_ hoursin extreme environments. We can 


give you a variety of connectors, including 
_ ICleads. And we can supply front or back 


adhesives, for easy mounting. 


WE CAN GET YOU AROUND 
YOUR LIGHTING PROBLEMS. 


with cutouts and holes to fit pro- 
Instead of resistance-based tech nology 
_ based technology that's very cool. Instead 


 Jamp inalmost any color—even multicolor. /- 


| eee. becca tie soluhon to. 


your lighting problem may be as eee 
asseeingitinanewlight. 


LOCTITE 
LUMINESCENT 
SYSTEMS INC. 


SETTING THE STANDARD 
A SUBSIDIARY OF LOCTITE CORPORATION 


tel (603) 448-3444 
FAX (603) 448-3452, TWX 710-366-0607 
Etna Rd., Lebanon, NH 03766 
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NEWS 


ILC DATA DEVICE 
CORPORATION 


ABOUT SYNCHRO-CONVERSION e¢ HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION ¢ 1553 BUS DEVICES 


TIMING 44ND CONTROL 


rnctacnnasntconaine te 


ADC-00305 


DDC now offers a new low cost 
model in its industry leading high 
speed sampling A/D converter 
product line. Designated the ADC- 
00305, the unit provides acomplete 
12 bit 2 Mhz A/D converter with 
integral track/hold, precision ref- 
erence, tri-state output buffers and 
timing circuits in its small 40 pin 
triple DIP hybrid package. Tar- 
geted for use in DSP applications, 
it is completely specified for signal- 
to-noise ratio and harmonic distor- 
tion, and it operates over the 0 to 
+70 degrees temperature range. 
This leadership performance in ac- 
curacy, speed and small size makes 
the ADC-00305 ideal for use in the 
most demanding laboratory and 
medical instruments. 

With its output registers and tri- 
state buffers, the ADC-00305 in- 
terface to most CPUs is a simple 
task. It provides 9 bipolar and 


Dlol|cR 


ILC DATA DEVICE 
CORPORATION 
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unipolar jumper-selectable analog 
input ranges. Since all timing is 
self-contained, the ADC-00305 re- 
quires only an encode command in- 
put to start its conversion cycle. 

The ADC-00305 has been char- 
acterized for use in signal process- 
ing applications. Its SNR and har- 
monics are specified respectively at 
65db minimum and 68db mini- 
mum. Linearity error is specified as 
0.025% FSR maximum. 

The ADC-00305 is implemented 
with a 2-step A/D conversion al- 
gorithm, which operates as fol- 
lows: First, the track/hold samples 
and stores the analog input signal, 
after receiving an external start 
command. Then, a flash ADC gen- 
erates a coarse encode of the 
sampled voltage and stores its 7 bits 
in the MSB register. At the same 
time, a high speed DAC and ampli- 
fier convert the 7 bits to an analog 


LOWEST COST ...12 BIT 2 MHZ SAMPLING 
AID CONVERTER 


TTT) 


voltage, which is subtracted from 
the original input. Next, the flash 
ADC generates a fine encode of the 
subtracted voltage and stores these 
7 bits in the LSB register. Finally, 
the contents of the 7 bit MSB and 
LSB registers are combined in a 
digital error correction circuit to 
yield the 12 bit output. All of these 
steps take place in a total of 500 
nanoseconds. 

Its high speed, high accuracy and 
small size, make the ADC-00305 
ideal for numerous digitizing re- 
quirements. Typical of these are 
digital oscilloscopes, medical and 
nuclear instrumentation and high 
speed data acquisition. Learn more 
about the new ADC-00305 and 
how it can benefit your designs by 
calling toll-free (outside N.Y. 
state): 800-DDC-1772. ea 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 


(516) 567-5600, TLX: 310-685-2203, FAX: 516-567-7358 


WEST COAST (CA.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; 
SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967 


NORTHERN NEW JERSEY: (201) 785-1734, TLX: 130-332 


MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (03) 814-7688, FAX: (03) 814-7689 
UNITED KINGDOM: 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 8-920-635, TLX: 854-10952 
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BGY49A operates from 400 to 440 
MHz; the BGY49B operates from 
440 to 470 MHz. The 20W output 
level ensures 15W at the antenna— 
a requirement of 400-MHz systems. 
The modules can withstand a 
VSWR of 50:1 for short-period 
overload conditions at the maxi- 
mum rated output power. Samples 
are available from stock; production 


VME BUS INTERRUPT IC | 


@ Provides protocol logic 
@ Includes 48-mA drivers 


pe OUR ELLAMPS WON'T LEAVE 
IC inchudes the protocol logic, 48 MMOLU)*A a VO) DUCQUM BET aDY\ +1 @ 


mA drivers, and input buffers 
needed to generate a single-level in- 
terrupt request on the VME Bus 
and respond to an interrupt re- 
quest. The VME-3000 generates a 
VME Bus interrupt request signal 
(IRQ) and responds to an interrupt 
cycle when it receives an IACKIN 
signal from the system master. The 
VME-3000 then asserts either 
IACKOUT or INTACK, depending 
on the interrupt cycle selection. 
You can use the VME-3000 with the 
company’s VME-2000 slave and 
VME-1200 master interface chips or 
with any VME-compatible master 
and slave modules. The chip is pack- 
aged in a 24-pin DIP. $26 (samples). 
PLX Technology, 520 Weddell 
Dr, Suite 3, Sunnyvale, CA 94089. 

Phone (408) 747-1711. 
Circle No 356 


RF POWER MODULES 


@ Operate at 400 MHz 

© Have 20W of output power 
Designed for cellular radio applica- 
tions, the BGY49A and BGY49B 
power modules operate from 12.5V 
battery supplies and feature 20W 
output power over the 400- to 470- 
MHz frequency range. Both devices 
offer an output power control range 
of more than 30 dB, a maximum 
drive power requirement of 150 
mW, and an efficiency of greater 
than 35%. The modules differ only 
in operating frequency. The 
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We've Invented the Future of 
Instrumentation Software ... Twice. 


With Words With Pictures 


Acquisition 
Integrated libraries for GPIB, RS-232, A/D-D/A-DIO plug-in cards, 
and modular instruments. 


Intuitive character-based function panels Front panel user interface with virtual 
that automatically generate source code. instrument block diagram programming. 
Analysis 


Extensive libraries for data reduction, digital signal processing, and 
statistical analysis. 


AIHA AHHH oe 


Recovered Spectrum 


ie+88i 


« PRESS ANY REV 1) CONTIN === 


Over 100 analysis functions plus all the Over 250 icons for computation and 


built-in functions of your language. analysis. 
@ 
Presentation 


Flexible high-performance graphics and report generation. 


Fittee eta 


wee PRESS ANY KEY TO CONTIN <= 


Extensive graphics support for CGA, EGA, Macintosh Desktop Publishing compatibility. 
MCGA, VGA, and Hercules. 


The Software is the Instrument 


LabWindows™— | wf NATIONAL LabVIEW ®— 
for the DOS-based PC and PS/2, INSTRUMENTS ™ for the Apple Macintosh 


with Microsoft QuickBASIC or C. 


12109 Technology Boulevard Circle 113 for Lab View 
Circle 112 for Lab Windows Austin, Texas 78727-6204 
800/531-4742 512/250-9119 
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quantities three months ARO. Hfl 
125 (25). 

Philips Components Division, 
Box 523, 5600 AM Eindhoven, The 
Netherlands. Phone 3140-757189. 
TLX 51573. FAX (8140) 757319. 

Circle No 357 

Amperex Electronic Corp, Box 
060, Hicksville, NY 11802. Phone 
(516) 931-6200. 

Circle No 358 


OP AMP 


® Chopper stabilized 

@ Includes S/H capacitors 
According to the manufacturer, the 
LTC1050 is the first chopper-stabi- 
lized op amp to include S/H capaci- 
tors on chip without degrading de- 
vice performance. The LTC1050 
features overload recovery times 
from positive and negative satura- 
tion conditions of 1.5 and 3 msec, 
respectively. Other features include 
a maximum offset voltage of 5 pV, 
a de to 10-Hz input noise voltage 
of 1.8 pV p-p, and a typical voltage 
gain of 160 dB. The LTC1050 
achieves a slew rate of 4V/wsec and 
a gain-bandwidth product of 2.5 
MHz with only 900 pA of supply 
current. The LTC1050 is available 
in both military and commercial 
versions. Packages include an 8-pin 
plastic DIP, a ceramic DIP, and SO 
packages. Commercial plastic ver- 
sions, $2.25 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 482-1900. FAX 
408-434-0507. 

Circle No 359 
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HIGH-SPEED FIFOs 


@ Feature 15-nsec access times 

® Available in two organizations 
The SSL7201 and SSL7202 are mid- 
density FIFOs with 15-nsec access 
times. Featuring dual-port static 
RAM (SRAM) architectures, the 
7201 has a 512-word x 9-bit organi- 
zation, and the 7202 has a 1024- 
word X 9-bit organization. Accord- 


ing to the manufacturer, both parts 
are the fastest available in these 
densities and organizations. Both 
parts are pin-compatible with in- 
dustry standards with the same 
part numbers. They also handle 
byte parity, an increasingly popular 
feature in high-end 32-bit CISC and 
RISC systems. The devices are 
available in performance grades of 


ONE OF THESE CAN CHANGE 
THE WAY YOU SEE LIGHTING. 
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15, 20, 25 and 30 nsec, and in a 
choice of 28-pin DIP or 32-pad 
CLCC and PLCC packages. $40.50 
to $114.66 (100). 

Saratoga Semiconductor, 10500 
Ridgeview Court, Cupertino, CA 
95014. Phone (408) 864-0500. FAX 


408-446-4416. 
Circle No 360 


PS/2-COMPATIBLE ICs 


e Emulate IBM PS/2 Model 30 

@ 3-chip controller plus VGA chip 
Emulating the IBM PS/2 Model 30, 
the 38-chip set includes the 
VL82C031 system controller, the 
VL82C032 I/O controller, and the 
VL82C033 disk controller. A fourth 
chip, the VL82C037 video-graphics 
controller, is compatible with other 
PS/2 models, as well as the IBM 
PC/AT and PC/XT. The dual-speed 
8-or 10-MHz VL82C031 controls 
memory, parity, address paths, 


Now Logical Solutions Technology, Inc. 


data paths, and four DMA channels. 
The VL82C032 controls the key- 
board and pointing device, two se- 
rial channels, disk storage, and dis- 
play functions. The VL82C033 con- 
tains an analog data separator, a 
phase comparator, filters, and other 
elements for floppy-disk control. 
The VL82C037 provides support for 
800 x 600-pixel displays having as 
many as 16 colors. 3-chip set, 
$92.60; VGA chip, $38.60 (1000). 
VLSI Technology, 8375 South 
River Parkway, Tempe, AZ 85284. 
Phone (602) 752-8574. 
Circle No 361 


FIBER-OPTIC CHIPS 


@ Fabricated in GaAs 

®@ Chip set includes seven devices 
Designed for digital transmission 
over fiber-optic links, this chip set 
contains a transimpedance ampli- 
fier, an AGC amplifier, a laser 
driver, a decision circuit, a multi- 
plexer, a demultiplexer, and a 
clock-recovery circuit. Fabricated 
in GaAs, the chip set has a data-rate 
capability from 2G to 3G bits/sec. 
The transimpedance amplifier has 
a sensitivity of —32 dBm at 2G bits/ 
sec, the AGC amplifier has a gain 
of 40 dB max, and the laser driver 
features adjustable modulation cur- 
rent from 20 to 80 mA. Both the 
laser driver and the decision circuit 
have rise and fall times of <150 
psec. The acquisition time for the 
clock-recovery circuit ranges from 
75 to 150 psec. The 4-channel-type 
multiplexer and demultiplexer also 
have rise and fall times of <150 
psec. Transimpedance amplifier, 


makes it possible to build testability into ICs and 
PCBAs during product development. All it takes 
is the use of our T-circuit architecture in your 
designs. A small step up front to reduce design 
verification time and reduce the expense of 
detecting defects in manufacturing. 


A set of circuits and full instructions make 
designs testable without expensive fixturing. 
Our circuits provide both functionality and 
the visibility and control needed to minimize 
diagnostic time. Call or write today. LSTI. 
310 W. Hamilton Avenue Suite 101, 
Campbell, CA 95008. Phone: 800-BIT-LSTI. 
In California: 408-374-3650. Telex: 172867. 
FAX: 408-374-3657. 


Logical Solutions Technology, Inc. 


A Division of UTI. co 
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ae 
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PLASTIC 


MULTICONTACT 


HIGH VOLTAGE 


POQOOGH aA OCOSECOD Ss SOBOoe eo 


CUSTOM DESIGN 


CABLE ASSEMBLY 


LEM 77) MAS 


ELECTRONIC CONNECTORS 


MULTICONTACT @ MIXED @ COAX @ TRIAX @ HIGH VOLTAGE 
THERMOCOUPLE @ ENVIRONMENTAL @ FLUIDIC/PNEUMATIC 


AUDIO VIDEO @ FIBER OPTIC @ NUCLEAR ® HERMETIC 
PLASTIC @ CABLE ASSEMBLIES @ CUSTOM DESIGN 


For technical data and catalog or the name of your 


LEMO connectors feature the unique © Quick-Lok” self-latching local representative, please call or write: 
quick connect-disconnect positive locking mechanism, gold LEMO USA, INC. 
plated contacts and rugged, space saving design. eee ay Santa Rosa, CA 95406 


For more information see EEM. See Us at ee Booth #2182/2184 telex 340-333, telefax 707/578-0869 325 


ELLIPTICAL BARGRAPH 


APPLICATIONS 


@ Portable Instrumentation 
@ industrial Measurement 
@ Process Monitoring 

@ Medical Systems 


FEATURES 


Dual Input 

LCD, Backlit 

Rate Of Change 

Bargraph For Trend 
Analog / Digital Display 
Positive / Negative Image 


LEVEL 
10 


SOR & 
920 CANDIA ROAD, MANCHESTER, NH 03103-9916. 
MODUTE © s03/669-5121. FAX: 603/622-2690. 1-800-METERS-1 cmil 
WESCON BOOTH NO. 2662 
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$40; AGC amplifier, $35; decision cludes a differential-input transcon- is available in a 14-pin DIP and is 
circuit, $50; and laser driver, $60 ductance amplifier, a low-leakage TTL/CMOS compatible. Commer- 
(1000). The multiplexer, demulti- analog switch, and an output inte- cial versions, $14.95; military ver- 
plexer, and clock-recovery circuit grator stage with an internal 90-pF _ sions (scheduled for the first quar- 
will be available by mid-1989. hold capacitor. The chip, which is ter of 1989), $49.90 (100). 

AT&T Microelectronics, 555 capable of high-speed data acquisi- Sipex Corp, 22 Linnell Circle, 
Union Blvd, Allentown, PA 18103. tion in both 10-bit (850 nsec) and Suburban Industrial Park, 


Phone (800) 372-2447. 3 12-bit (500-nsec) systems, hasalow Billerica, MA 01821. Phone (508) 
Circle No 362 droop-rate of 0.01 wV/usec and a_ 667-8700. 
slew rate of 90V/usec. The SP5330 Circle No 364 


8-BIT FLASH ADC 


© 20-MHz sampling rate 

@ 10-MHz full-power bandwidth 
Fabricated in low-power CMOS, 
the ADC-208 flash A/D converter | [a = 
provides an 8-bit sampling rate of e —— 
20 MHz and effective bit rates to 
30 MHz in the burst mode. The 
video flash converter operates from 
a 5V supply and consumes 500 mW 


of power. Other features include a Au at t VXIbus Backplane 
| fon 99 
one-shot-mode conversion time of Drives’ ‘Instruments on a Car 


30 nsec and a mid-point tap for use 


fF 


Gath sncoxtoenal wolbaoe —oice a A high performance backplane supporting the new VXIbus standard 
eae for the new generation of ‘‘instruments on a card” is now available 
improve integral linearity - The from Augat. Our backplane specifications are in complete compliance 
ADC-208 also provides latched 3- with the latest VXIbus standard, Rev. 1.2, released June 21, 1988. 
state outputs for wP interfacing. 


Packaged in a hermetic 24-pin ce- Augat’s VXIbus backplane offers these features: 


ramic DIP. the device is available O 12-layer multilayer design with separate TTL and ECL layers to 

in both commercial and military ensure proper impedance and low crosstalk 

cg : O ECL drivers that distribute 10Mhz system clock to any slot wine 

temperature ranges. $50 to $158 6 seamerconds 

(100). ~ © ECL and TTL controlled impedance signal traces are designed to 
Datel Inc, 11 Cabot Blvd, Mans- ensure propagation delays are within critical timing parameters. 

field, MA 02048. Phone (508) 339- O) Protection circuitry meeting the latest SUMBUS revision. 

3000. TWX 710-346-1953. O) Designed to handle the high power requirements slags by 


Circle No 363 the VXIbus spec.-up to 1846 watts. 


The backplane accommodates up to 13 slots, 6U high, and will 
accept up to C-size (9.2”x13.4”) cards. 


S/H AMPLIFIER 

@ 500-nsec acquisition time © : 

@ Features 12-bit accuracy Quali ty 

Fabricated with a dielectric isola- and Innovation 
tion process, the SP5330 high-speed 

S/H amplifier achieves a 500-nsec AUGAT INC., INTERCONNECTION PRODUCTS GROUP 
acquisition time with 12-bit or 33 Perry Ave., P.O. Box 779, Attleboro, MA 02703 
0.01% accuracy. The SP5330 in- (508) 222-2202 FAX (508)222-0693 TWX 710-391-0644 
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Whatever your board specifications call for, 


HI-CON™ 2-piece hi-density Euro Card connectors— 
DIN 41612, inverse and surface mount~meet DIN, IEC, 
MIL specs—stretch designs for greater pin density — 
backed by 15 years of DIN connector production 
experience—intermateable with AMP, Winchester and 
other DIN 41612 manufacturers. 


LAT-CON™ .050" flat cable connectors— unique open- 
sided design slashes termination time and virtually 
eliminates rejects— meets MIL-C-83503—use for 

end and through connections— intermateable with 3M, 
T&B, AMP and others. 


MAS-CON® IDC power connectors for mass termination 
of flat cable or discrete wire—.100” and .156” centerline 
—power ratings to 8 amps— interchangeable with AMP 
and Molex. 


Complete line of Installation Tooling designed to lower your 
total installed cost. From manual tools to high-speed, 
automatic reel-fed systems for high-volume applications. 
Cut installation time up to 70%. 


Plus the best delivery in the industry! From stock 
to two weeks. 


Visit Panduit at WESCON Booth 3287-89 


r, PANDUIT connectors are in comm 
of the situation. With high quality. With reliability. With compatibility. And with 
excellent technical back-up and design as sistance tohelp you. 


Take charge of your boards with PANDUIT 
connectors. Call toll-free 1-800-323-2428 today 
and ask for Linda Penton. 


oc 


PANDUI i CORP. 


; 
ote ee ees en memaenecmmcmand 


ELECTRONICS: GROUP 


Tinley Park, IL 60477-0981 » Phone: 1 (312) 532-1800 
In Canada: Panduit (Canada) Limited 
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A/D CONVERTER 


@ 12-bit operation 

@ 4-wsec conversion time 

The ADC6010 12-bit successive- 
approximation A/D converter has 
an internal S/H amplifier, a 3.3- 
MHz clock, and a 6.8V reference. 
The 4-wsee conversion time can be 
short-cycled to 2.8 psec. The device 
features five user-selectable input 
ranges: 0 to 5V, 0 to 10V, +2.5V, 
+5V, and +10V. Data is available 
in parallel or serial format with cor- 
responding clock and data signals. 
The gain and offset are externally 
trimmable to zero, and full-scale ac- 
curacy is +0.012% +’ LSB. The 


ee 


Division of LaFrance Corp. 


css A LOTTE : 
ister a z ° 


: SS PAC ie si : 


Enterprise and Executive Avenues @ Philadelphia, PA 19153 
TEL: (215) 365-8000 ¢ TELEX: 50-6082 ¢ FAX: (215) 365-4420 @ 1-800-523-4813 


power consumption is 1.2W typ. 
The ADC6010 is packaged in a her- 
metic 32-pin DIP and is available 
in commercial and military ver- 
sions. From $93 (100). 

Advanced Analog, 2270 Martin 
Ave, Santa Clara, CA 95050. Phone 
(408) 988-4930. TWX 910-338-2213. 
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DTMF TRANSCEIVER 


e@ 5V CMOS technology 

@ Generates and decodes 16 digits 
The SSI-75T2091 dual-tone multi- 
ple-frequency (DTMF) transceiver 
provides tone generation and detec- 
tion, call-progress detection, and 
early-tone detection on a single 
chip. The device can both generate 
and decode all 16 standard tone dig- 
its. When detecting the presence of 
signals in the 305- to 640-Hz band, 
the SSI-75T2091 offers call-pro- 
gress detection, which can discern 
busy signals, ring signals, and dial 


See Us at WESCON Booths 1411 & 1413 
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tones. The early-detect feature can 
detect incoming DTMF tones be- 
fore the timing validation occurs. 
The only external components re- 
quired by the SSI-75T2091 are a 
3.58-MHz crystal and a 1-M0 resis- 
tor to provide the time base for digi- 
tal functions and the switched- 
capacitor filters in the device. 28- 
pin DIP, $10.92; 28-pin PLCC, 
$11.46 (100). 

Silicon Systems, 14351 Myford 
Rd, Tustin, CA 92680. Phone (714) 
731-7110. 
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EEPROMs 


@ Accessed serially via an I?C Bus 
interface 
@ Have chip- and byte-erase modes 
The 512x8-bit SDA 2546 and 
1024 x 8-bit SDA 2586 serially ac- 
cessed EEPROMs feature an [2C 
Bus interface—a 2-line serial data/ 
control interface—through which 


Looking for a miniature circular connector you can trust in 
critical applications? SNAPLOCK 1s your answer. It’s rugged 
and reliable, with a positive action quick-release locking 
mechanism. That means it will stay connected until you release 
it. Period. Available in three shell sizes. Up to 7 contacts in a 
'4-inch diameter shell. They’re even available in environmen- 
talized and hermetic versions. 

If your application calls for a reliable compact connector, find 
out how SNAPLOCK can solve your problems. Call or write 
today for a free catalog. 


VIKING 


SNAPLOCK MINIATURE CIRCULAR CONNECTORS 
21001 Nordhoff St., Chatsworth, CA 91311 « (818) 341-4330 
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CeO Computers and Communications 


Maximize 


flexibility and efficiency 


with NEC's multiprotocol serial controller. 


The wPD72001 is an advanced generators. You can use the baud- 
CMOS multiprotocol serial control- rate generators to set a different 
ler that gives you extra flexibility | speed for each of the transmit/ 


and efficiency in data communi- _ receive blocks. 

cations system design. The 72001 also supports an 
The wPD72001 is unique SDLC loop with on-chip hardware. 

because it allows you to design It eliminates external control 

a complex system with multiple circuits to reduce host-CPU over- 

transmit/receive speeds. The head. And it offers an on-chip DPLL 

controller has two channels, a (Digital Phase Lock Loop). The 

pair of transmit/receive blocks DPLL circuit reduces signal lines 

on each channel, and four by picking up a clock frequency 


independent on-chip baud-rate for control use from the data re- 


For fast answers, call us at: 
Tel:1-800-632-3531. TWX:910-379-6985. Tel:0211-650302. Telex:8589960. Tel: 
040-445-845. Telex:51923. Tel:08-753-6020. Telex:13839. Tel:1-3946-9617. Telex:699499. 
Tel:02-6709108. Telex:315355. UK Tel:0908-691133. Telex:826791. Tel:3-755-9008. Telex:54561. 
Tel:02-522-4192. Telex:22372. Tel:4819881. Telex:39726. Tel:03-267-6355. Telex:38343. 


ceived in NRZI and FM formats. 

Other features include a speed 
of 1.6M bits/sec.; asynchronous, 
COP, and BOP operations; and 
a standby function. 

In today’s fast-changing data 
communications universe, 
success depends on that extra 
margin of design flexibility. For 
the built-in versatility to meet 
diversifying user demands, 
design-in the wPD72001. Call us 
for full details today. 
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you can read or write data to or 
from the memory. You can repro- 
gram individual words within the 
device by performing an erase cycle 
followed by a write cycle. On-chip 
circuitry completes the reprogram- 
ming operation, within 10 msec typ 
and 20 msec max. For words that 
are already in the erased condition, 
the programming time is automati- 
cally shortened. You can also erase 
the entire memory in a single erase 
operation. A flag bit in the device’s 
status register allows you to deter- 
mine when erase or reprogramming 
cycles are completed. The allowable 
number of reprogramming cycles 
per address location is in excess of 
104, and the specified data-reten- 
tion period is >10 years. Both de- 
vices operate from a single 5V sup- 
ply and are housed in 8-pin DIPs. 
SDA2546 $2.90; SDA2586 $3.50 
(10,000). 

Siemens AG, Zentralstelle ftir 
Information, Postfach 103, 8000 


Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. 
Circle No 367 
Siemens Components Ine, 2191 
Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. 
Circle No 368 


A/D CONVERTER 
®@ Offers 8-bit, 100-M Hz perform- 
ance : 
@ Includes buffer and reference 
Combining a monolithic flash con- 
verter, a wideband buffer op amp, 
and a voltage reference, the hybrid 
AD9011 comes in a 24-pin metal 
DIP. User-selectable input pins 


CMS quality is built into every 

custom Molded-On® cable as- 

sembly we build for you. It begins with 

our 40 years of experience in the design and manufac- 
turing of cable assemblies. CMS manufacturing facilities 
feature 100% in-process inspection. From the inspec- 
tion of raw materials to the packaging of finishéd goods, 
CMS maintains the highest level of quality in the industry. 
Call or write Component Manufacturing Service, Inc.; 
One Component Park, West Bridgewater, MA 02379. 


Tel. (617) 580-0111. 


CMS is the Molded-On® connector company. 
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provide gains of —4, —2 and —1 
with corresponding input voltage 
spans of 0.5, 1, and 2V p-p. The 
on-board voltage reference delivers 
an external current to 12 mA and 
has a maximum voltage drift of 40 
ppm/°C over the specified operating 
temperature range. With a full- 
scale step, the AD9011 recovers to 
8-bit accuracy (+1LSB) in 11 nsec. 
Over the 80-MHz input bandwidth, 
gross error codes occur less than 
once in every 1012 conversions. 
With a 9.3-MHz input signal, the 
signal-to-noise ratio is 43 dB, and 
maximum in-band harmonics are 
—46 dB. The AD9011 operates 
from +5 and —5.2V supplies and 
is available in commercial and mili- 
tary temperature ranges. From 
$180 (100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TLX 
924491. TWX 710-394-6577. 
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Here’s a low cost, high density commercial connector that’s 
really rugged and reliable. Made of high impact thermoplastic, 
its excellent strength-to-weight ratio offers optimum durability. 
There’s no corrosion to worry about, and it’s UL and CSA 
approved. Available in bulkhead or square flanges, it is quick 
and easy to mount. The light weight, compact and quick connect/ 
disconnect features make it easy to work with. 

For reliable connection at an attractive price, call or write and 
ask for our free Thorkom Circular Connector catalog. 


VIKING 


THORKOM CIRCULAR CONNECTORS 
21001 Nordhoff St., Chatsworth, CA 91311 * (818) 341-4330 
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DRIVER/RECEIVER ICs 


® Conform to RS-232C protocols 

® Operate from a 5V supply 

The uPD4711 and uPD4712 CMOS 
line driver/receiver chips conform 
to all standard RS-232C protocols. 
The ICs incorporate de-de convert- 
ers that allow them to operate from 
a 5V supply. The connection of four 
external capacitors provides volt- 


ages of 10V or —10V from the sin- 
gle source. The 4711 integrates two 
sets of driver/receivers on a single 
chip; the 4712 provides four sets. 
The chips also include an internal 
power-on/off reset function, which 
prevents system malfunction when 
power to the ICs is turned on or 
off. 4711CX 20-pin DIP and 4711GS 
28-pin surface-mount package, 


MODULAR ENCLOSURES 


Booth #s 1641, 43, 45 
Sal 


See us at WESCON ’88 Anaheim, CA 11/15-11/117 


Console Versatility 
* 3 Enciosure Configurations 


-* 3 Styling System Selections 


* We Accommodate Special Needs 
Fuil Complement of Accessories 
* Cooling Devices 


Over Four Decades of Experience 
with an Outstanding Record of 
Dependable Quality and Delivery 
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$4.50 to $5; 4712CY 28-pin DIP and 
4712GT 28-pin surface-mount pack- 
age, $6.50 to $7 (100). 

NEC Electronics Inc, Box 7241, 
Mountain View, CA 94039. Phone 
(415) 960-6000. TWX 910-379-6985. 
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1M-BIT STATIC RAM 


© Has byte-wide format 
@ Includes high-speed decoder 
The MS12808 1M-bit static RAM is 
organized in a 128k X8-bit byte- 
wide format. The module contains 
four 32k x 8-bit SRAMs, a high- 
speed CMOS decoder, and a decou- 
pling capacitor. The MS12808 con- 
forms to the JEDEC byte-wide pin- 
out and fits into a standard 32-pin, 
600-mil-wide socket. The module is 
available with access-time ratings 
of 100, 120, and 150 nsec. 100-nsec 
version, $145; 120-nsec version, 
$120; 150-nsee version, $90 (1-25). 

Micro Electronic Technologies 
Inc, 35 South St, Hopkinton, MA 
01748. Phone (508) 435-9057. 
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HYBRID MEMORY 


@ Allows custom memory configu- 
rations on a PGA 
® Suitable for high-reliability ap- 
plications 
Constructed using LCC memory 
devices mounted on a ceramic pin- 
grid array (PGA), Puma II memo- 
ries offer a 50% space saving when 
compared to conventional DIP 
memories. The ceramic PGA, which 
also carries decoupling capacitors 
for the memory devices, provides 
a large thermal mass for effective 
heat sinking, thus improving device 
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@ typically 0,0006% (—105dB) distortion in the audio range 

@ +0,1192mHz frequency accuracy throughout the 0,2Hz 
to 200kHz range 

® precision attenuator with +0,026dB (+0,3%) accuracy 
across the entire 100uV to 5V range 

@ very fast response time for all functions via IEEE-488 interface 


25 a 
ppreere \ 


Australia (02) 450-2066 _ Igium 02 - 24 
a aiwan (02) 7139303 - USA (617) 481-7000 - Local representatives and service orga 
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Paptho palinurus 
“Swatlowtatl”’ 
enlarged 1.5 x 


Circo Craft 
Surface mount hybnd 


Technology imitates nature e Chip and Wire Hybrid Microcircuits. 


There's nothing quite like Nature. Or is there? At Circo Craft * Surface Mounts on Ceramics or Printed Circuit Boards. 


we advance technology with natural ingenuity and precision. * Poe Panel Asses, : 
Multilayer Printed Circuit Boards in volume. 


Three efficient facilities give us the edge in designing and ¢ Circo Craft sales offices are throughout the U.S.A. 
manufacturing electronic packaging solutions to your When you have an idea you hope will take wing, contact 
requirements. Circo Craft specialties include: us and we'll provide all the technological support, naturally. 


s 
45 circo craft 
ae 
205 Brunswick Blvd., Pointe-Claire , 


Quebec, Canada H9R 1A5 
Tel. : (514) 694-8400 Fax : (514) 694-2696 


Thick film «.. 
hybrid Backpanel 


Surface mount ; 
assembly Offices throughout the United States 
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reliability. As a result, the memo- 
ries are suitable for use in military, 
aerospace, and similar high-reliabil- 
ity applications. Puma II memories 
can incorporate static RAMs or 
EEPROMs with capacities ranging 
from 2k x 8bit to 128k x 8bit and UV 
erasable EPROMs with capacities 
between 8kxX8bit and 64k x 8bit. 
You can mix memory types on a 
single PGA and configure the mem- 
ory devices to provide 8-, 16-, or 
32-bit data widths. The 66-pin PGA 
measures 1.12 in. square. A mili- 
tary-grade memory comprises four 
32k x 8-bit static RAMs, screened 
to MIL-STD-883C requirements. 
£250 (100). 

Hybrid Memory Products Ltd, 
Elm Rd, W Chirton Industrial Es- 
tate, North Shields, Tyne and Wear 
NE29 8SE, UK. Phone (09125) 
80690. TLX 53206. FAX 091-259- 
0997. 
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12-BIT HYBRID ADC 


© Has 10-MHz speed 

® Includes track-and-hold circuit 
The ADC-00110 hybrid IC features 
a 12-bit, 10-MHz digitizing capabil- 
ity. Contained in its 46-pin package 
are a track-and-hold circuit, an A/D 
converter, data registers, a 3-state 
output buffer, and timing circuits. 
The ADC-00110 interfaces to most 
commonly used CPUs. Because the 
timing is self-contained, the hybrid 
IC requires only an encoding com- 
mand to start its conversion cycle. 
Both TTL- and ECL-compatible 
models are available. Specifications 
include a signal-to-noise ratio of 66 
dB and a linearity of 0.025%. The 
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device is available with an operat- 
ing temperature range of —55 to 
125°C and MIL-STD-883 screening. 
From $1500. Delivery, stock to 12 
weeks ARO. 

ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. TLX 510-228- 
1324. 
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ideas clearly. 


professional articles. 


Get your FREE copy of 
EDN’s writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 


Turn Good 
Ideas Into 


Good Articles 


With EDNs FREE Writer’s Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 


Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 


LINEAR ARRAY 


@ 36V dual-layer-metal process 

®@ Has a mini-tile architecture 

The 36V-rated FB38400 family of 
analog arrays combines the com- 
pany’s mini-tile architecture with 
the ability to handle traditional 
+15V swings. The double-layer- 
metal process simplifies the inter- 
connection of complex designs. 


339 
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Three are presently available. The 
FB3420 and FB3480 include addi- 
tional capacitors to ease the design 
of op-amp filters. The FB3410 re- 
places the extra capacitors with 
transistors for use with comparator 
designs, or discrete transistor re- 
lplacements. The FB3400 family 
consists of five types of mini-tiles, 
which you can use to implement 


TBR Break on Trace trig 


: counter = first; 
: valve = @xdE; 
: last_value = @; 


: value = read_bit( P3_2_bit); 


counter = @; 
else 
counter++; 
: last_value = value; 
: 7* now restart process */ 


* sys command 


Systen=COMMAND 


= Source Level Debug- 


BB Break on internal bit 
BYb Break on internal byte | 
: if ((value == 1) 1 (last_valuei€Li Clear Greakpoinis 

if (counter == 1888) 1B Internel Break on pattern | 
BIC Bresk on Interne] Contenis 


Nohau’s EMUL51-PC 

emulator and trace board ging for PL/M-5l and C-51 

make asophisticated bug- 48 bits wide 16K deep 

hunting pair for your trace buffer 

8031/8051 projects. Plug w 20 MHz real-time 

the EMUL51-PC into your emulation 

PC, XT, AT or compa- = Complete 8051 Family 

tible and find bugs that support including 

other emulators can't. proliferation chips 

Our powerful software = Available in either 

makes it a snap to use. “Plug-in” or “Box” 
configurations 


The EMULSI-PC comes with a 5-ft. cable, software and 1 year hard- 
ware warranty with free software updates. Trace board optional. 
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ff} ‘HOOU UHRA Breekpeint fede Register 
/* initiajSL Set Line BreakPoinis 
SL Set Line BreakPoinis HCC 
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CALL TODAY 
FOR YOUR FREE 
VIDEO AND 
SOFTWARE DEMO. 
(408) 866-1820 


WORLDWIDE CALL: 

Austria (2 22 38 76 38-0 
Australia 02 654 1873 
Benelux +31-1858-16133 
Denmark 02 65 81 I 
France 0169 412 801 
Great Britain 014642586 
Israel 03 499034 
Korea 04 784 7841 
Portugal (01 83 56 70 
Scandinavia +46 40 922425 
Spain 03 217 2340 
Switzerland 01 740 41 05 


West Germany 08 1311687 


noHaU 


CORPORATION 


51 E. Campbell Ave. 
Campbell CA 95008 
(408) 866-1820 


functional equivalents of a wide va- 
riety of analog circuits such as op 
amps, comparators, voltage refer- 
ences, and video amplifiers. Typical 
NRE (nonrecurring engineering) 
charges, $30,000. Delivery, 12 to 14 
weeks ARO. 

Micro Linear Corp, 2092 Con- 
course Dr, San Jose, CA 95131. 
Phone (408) 433-5200. 

Circle No 374 


EEPROMs 


© 64k-bit devices 

@ 200- and 250-nsec access times 
The KM28C64 and KM28C65 64k- 
bit EEPROMs are available in ac- 
cess times of 200 and 250 nsec, as 
well as in slower speed ratings. The 
chips are organized into 8,192 8-bit 
words and feature a 28-pin, byte- 
wide JEDEC standard pinout. The 
EEPROMs also feature a 32-byte 
page mode, making it possible to 
rewrite each chip in only 1.3 sec 
max. Data is modified using simple 
TTL-level signals and a 5V power 
supply. An internally self-timed 
write cycle latches both address and 
data to provide a free system bus 
during the 5-msec/page write pe- 
riod. Endurance ratings specify 
10,000 erase/write cycles and data 
retention for more than 10 years. 
The devices are available in 28-pin 
DIPs and 32-pin PLCCs. From $9 
(100). 

Samsung Semiconductor, 3725 
N First St, San Jose, CA 95134. 
Phone (408) 4384-5561. TLX 339544. 
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The High Power HiRel TO-5 


¢ Squib firing 2 amp surges 
¢ 100,000 operations at 2 amps 


¢ Crystal can contact ratings in a TO-5 


Now you don’t have to settle 
for second best at load levels 
above | amp. We designed our 
new 212 Series TO-5 Relays for 
switching applications where 
current surges at turn-on and 
turn-off go up to 2 amps. Squib 
firing, for instance. Or controlling 
small motor loads, lamp loads 
and capacitive loads. 

It wasn’t easy. We had to de- 
velop a proprietary contact system 
called TELESIUM . It gives the 
212 Series a resistive load rating 


ACTUAL SIZE 


up to 2 amps for as many as 
100,000 operations. Other than a 
small increase in height to .390 
inches, nothing about the 212 is 
different. Design and construc- 
tion are basically identical to the 
classic TO-5. So you know you're 
getting performance and reliabil- 
ity which have set a standard for 
the industry. 

In fact, the 212 is so close in 
fit and function it is actually a 
pin-for-pin replacement for exist- 


ing designs where excessive loads 
have been causing problems. It 
can even be screened to meet the 
applicable parameters of MIL-R- 
39016, Level P. 

The high power HiRel TO-5. 
It brings proven TO-S reliability 
to a whole new range of applica- 
tions. Call or write today for com- 
plete information. 


‘We TELEDYNE RELAYS 


Innovations In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 * (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 


Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 


UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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Oto 60 in 5 seconds 


64Kbytes from hard disk in 5 seconds. 
That’s moving. But today you've got to be fast 
just to stay in the race for better micro- 
processor designs. 

The secret is a new, high-speed parallel 
interface: the Orion bus. Which zips data 
between your PC /AT and the 8620 analyzer- 
emulator, breaking the RS-232 bottleneck. 

The 8620 with O-bus gives you complete 
program diagnosis — and solutions — in real 
time. For more than 150 different micro- 
processors. Using the same command set 
environment. 

A generous 2730 trace-cycle buffer with 
selective filtering lets you cut through the 
clutter and display just the traces you wish. 
And you get lusec resolution in program 
time measurement. Plus continuous InSight 
monitoring of your 
program’s key 
functions as they 
are performed. 


Fuel Injection Controller 
This display shows the values held in 
registers and selected menory locations. 


rpn aph 
PC=8189 AF=8885 (sz-a-Pn€) BC=9F89 DE=9808 HL=-6473 1X=4958 19-8867 


rate conpr hyst 
SP=8888 AF’ =FFF9(SZ-A-pnC} BC’ =7439 DE’ =8953 HL’ =8810 count-8827 


global vars:delay fuel cyl:i ‘2:3 :4 _message_ status 
18E8-19EF 86 4E CA 4D 12 SE 81 72 82 489 GF 74 21 2E EBS FO WNH...r.tot!... 


stack 
1878-18FF £2 4D 18 88 8B 24 72 64 88 98 89 OF 73 64 ES FO N...Grd....sd.. 


InSight Display. InSight blends analyzer- 
emulator techniques to give you continuous, 


real time monitoring of key processor functions. 


And still services user interrupts. It displays 
changing register contents, I/O lines, ports, 
user-defined memory windows. With your 
own labels. 


On top of that, you get UniLab’s trade- 
mark ability to debug by symptom, not just by 
breakpoint and single step. And, to help 
you complete the job on time, on the spot, a 
stimulus generator and EPROM programmer 
are included. 

Ease of use, another Orion trademark, 
is also built in. So you have all the familiar 
features and formats you're used to working 
with. It doesn’t matter if your project is a 
single chip controller or complex 16-bit 


~ fmalyzer Triggers 


Reset and trace first cycles after startup 
Show current activity (trace immediately) 
Trigger on an address 

Trigger on a write to an address (or range) 
Trigger on a read to an address (or range) 
Trigger on a fetch from an address Cor range} 
Trigger on a fetch outside a range of addresses 


Trigger on a data value after an address 
Filter a range of addresses 
Filter excluding a range of addresses after an address 


Filter read cycles 

Filter read cycles after an address 
Filter write cycles 

Filter write cycles after an address 
Count cycles between tuo addresses 


Press PgDn or Pgilp to scroll. Esc to exit. 
Press $f to select._ 


Analyzer Triggers. Commonly used triggers 
can be selected quickly from a list of standard 
and user-defined triggers. 


microprocessor, the 8620 is the top price/ 
performance analyzer-emulator that does it 
all. At just $4380. With processor Personality 
Paks typically $550 each. 

UniLab 8620. Fast-lane debugging that 
gets you to market quicker. 


Call toll-free: 800 / 245-8500. 
In CA: 415 / 361-8883 


See us at Electro 
Booth 2741-45 
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702 Marshall St., Redwood City, CA 94063 
TLX 530942 FAX 415/361-8970 


Computer Integrated Instrumentation 
CIRCLE NO 253 


orld’s biggest selection 


of little power supplies 
and Acopian shios them in only 3 days! 


Single output power supplies with outputs from 1 to 
75 Vdc, to 2.5 amps. Dual supplies with tracking +12 
or +15 volt outputs, to 500 mA/output. Other duals 
with any combination of 30 output ratings from 1 to 
28 volts (or two outputs of the same rating). Even triple 
output supplies providing +12 or +15 volt tracking 
outputs and your choice for the third output. All have 
short circuit protection and are UL Recognized. 
DC-DC converters operate on inputs of 5 to 48 volts, 
and provide single outputs of 5 to 28 volts, to 
1.25 amps. Dual output models have tracking +10, 


AA CVOMEM 


340 


P.O. Box 638, Easton, PA 18044 
Call (800) 523-9478 (Except from PA) 


P.O. Box 2109, Melbourne, FL 32902 
Call (800) 327-6817 (Except from FL) 
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+12, +15 and +18 volt outputs, to 300 mA/output. 
All have 100 megohms input/output isolation, and are 
electrostatically shielded on all sides. 

All are available in board-mountable form. Most 
supplies are alternately available with screw terminals 
and provision for chassis mounting. 

For detailed specs, drawings and prices, ASK FOR 
OUR 52-PAGE CATALOG. You'll remember our 3-day 
shipment promise when you receive your order with 
this reminder... 
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STEP 
Am29000 


Thinking RISC? STEP Engineering Gives You The Winning Edge. 


We can help you win the RISC sweepstakes with high per- 


formance, yet very affordable, Am29000™ development 
tools. For less than what others charge for just an in-cir- 
cuit emulator, STEP Engineering can provide a complete 
Am29000 Development System including: 


O The STEP ADAPT29K™ Hardware/Software 
Integration Station 


Q The STEP 29K ANSI C Compiler 
4 The STEP XRAY29K™ Source-Level Debugger 
O The STEP 29K Assembler/Linker/Loader 


O The STEP SAEV Stand Alone Execution Vehicle 


These development tools let you quickly develop a target 
hardware system, write code in either assembly language 
or 'C" and then quickly debug it using a source level 
debugger. For fast code check-out, the SAEV execution 
vehicle provides a fast execution test bed. For more 
CIRCLE NO 254 


Booth #s 3628 and 3630 


serious integration tasks, the STEP ADAPT29K is the 
ideal way to perform real-time hardware/software integra- 
tion. It operates at speeds to 40 MHz and provides a full 
range of debug features including real-time trace memory. 


STEP Engineering has been committed to high perfor- 
mance custom processor development tools for over a 
decade. Now we are extending that commitment to 32-bit 
RISC processors. Our completely integrated hardware/ 
software tools package, backed by experienced field ser- 
vice and technical support, can give you the advantage 
you need for successful Am29000-based system design. 


So if you have decided to get serious about RISC-based 
design, request our Am29000 Development Solutions 
Literature Package. It will give you the facts you need on 
RISC development tools. Write us at P.O. Box 3166, Sun- 
nyvale, CA 94088 or call (800) 538-1750, in California, 
call (408) 733-7837. Our FAX # is (408) 773-1073. 


STEP encineerinc 


we : 
Direct-to-Disk 
190KB/s Data Transfer 


PCI-20096S series software drivers 
transfer huge amounts of data both to 
and from disk. Archives data for event 
analysis, environmental monitoring, 
etc. Operates with hard disk, RAM 
disks, floppy disks and tape drives. 
Available for BASIC, C and TURBO 
PASCAL. 


we Real-Time 
industrial Control 
& Monitoring 


LT/Control software (PCI-20097S-1) 
provides process control, data log- 
ging and process monitoring. Pro- 
vides for full-color animated, 
customized process-flow diagrams in 
real-time. Open loop and closed loop 
(PID) control algorithms included. No 
programming skills needed. 


Never before have PC data acquisition, test, 


we 
PC Expander 
Holds 7 Boards 


The PC Expander (PCI-20055H 
series) features easy-access 7-slot 
board expansion capacity with fan- 
cooled 200W power supply. Permits 
up to 600 channel data acquisition 
systems. Accepts other PC compati- 
ble expansion boards. PCI-20063A-1 
host interface board required. 


we 3 
DSP Professional 


sd ate Processes 
zm PC Data 


Supercharged digital signal process- 
ing based on the industry standard 
Tl TM320C25 processor. Up to 
96KWords of on-board high speed 
memory with zero wait states. Pow- 
erful I/O options include analog 1/O, 
digital |/O counters and timers. 
Extensive DSP software available. 


we S 
Analog & Digital 
SuperBoards 


200X Faster 


C1/0 BREAKTHROUGHS 


Unequalled cost/performance plus 

FREE Basic Software drivers with: 

= PCI-20093W-1 Analog Output 
Board with up to 31K ch/sec. 
8 channels, V or | output. 

= PCI-20089W-1 16/8 channel 
Analog Input Board with 32KHz 
sample rate and programmable 
gain. 

= PCI-20087W-1 40 channel Digital 
I/O Board. 


we 
Relay Ladder Logic 
Software 


Process monitoring and control PCI- 
20073S-1 software converts your PC 
into a high-performance Program- | 
mable Logic Controller. Features Relay 
Screen Editor and single-key selec- 
tion and entry of conventional Relay 
Ladder Symbols. Also includes Math 
Functions, Logic and Jumps, Pass- 
word Security and more. 


Burr-Brown is the price/performance leader. Send for 


your free PC Instrumentation Handbook and youll 
understand why. Call 602/746-1111 or write Burr-Brown, 
1141 West Grant Road, MS131, Tucson, AZ 85705. 


measurement and control products offered so much 
performance for so little money. Plus, each member 
of this all new hardware and software line-up is fully 
compatible with Burr-Brown’s extensive PCI-20000 
family, offering you the ultimate in flexibility and 
expandability. When it comes to PC data acquisition, 


BURR -BROWN® 
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MULTIUSER SYSTEM 


© Dynamically balances the load of 
“as many as 256 users 
@ 16-slot Nubus version operates 
with up to eight 68020 CPUs 
The System 1500 expanded line of 
multiprocessor systems for mul- 
tiuser environments consists of four 
models: the 1510, 1580, 1540, and 
1580. Models 1510, 1530, and 1540 
are all designed around a 7-slot 
Nubus, and the RAMs in each of 
the four models come with with er- 


SALE! 


INTERNATIONAL SWITCHER 


VDE, 

UL, CSA 
Safety and 
Emissions 
5 Outputs 
400 Watts 
HI-REL 
all purpose switcher 


OUTPUTS 


No.1 5V@50A 

No.2 +12V @ 8A 

No.3 -12V @ 8A 

No.4 +24V @ 4A- 6A pk. 
No.5 5V@410A 


DBeEltror inc 
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MODEL CV405B 


Qty. Discounts Available 


OUTPUTS 1 and 5 
+0.4% total regulation 
OUTPUTS 2, 3 and 4 
+2.5% total regulation | 


Call Toll Free 1-800-523-2332: in PA 215-699-9261 
FAX: 215-699-2310. TWX: 510-661-8061 or write 
PO. Box 1369, Wissahickon Avenue, North Wales, PA 19454. 


POWER 
SUPPLIES 


ror checking and correction. The en- 
try-level Model 1510 for 30 to 50 
users has one 68020 nP board with 
10M bytes of RAM. The 1510 also 
has a 182M-byte hard-disk drive, a 
60M-byte tape drive, a SCSI con- 
troller, and a model 924 terminal. 
The Model 1530 and 1540 are similar 
with the following exceptions. The 
model 1530 for 50 to 80 users can 
have as many as three CPU boards 
with 12M bytes of RAM and a 
380M-byte hard-disk drive. The 
Model 1540 for 80 to 128 users has 
as many as four CPU boards with 
20M bytes of RAM, a 1G-byte hard- 
disk drive, and a 2G-byte tape 
drive. The 1580 has a 16-slot Nubus 
that can accommodate eight CPU 
boards with 20M bytes of RAM. De- 
signed for 128 to 256 users, the 1580 
has a 1G-byte hard-disk drive and 
a 2G-byte tape drive. The 1510, 


| 
| 


See Us at WESCON/88, Booths 1415-1417 


FAST 


TRANSIENT 
RESPONSE 

*Current Mode Controlled 
“Excellent Line Regulation 
‘Wide Input Range . 


$39,995; the other three models, 
with two CPU boards: 1530, 
$80,995; 1540, $121,995; 1580, 
$172,995. 

Texas Instruments Inc, Data 
Systems Group, Box 181153, DSG- 
233, Austin, TX 78718. Phone (800) 
527-3500. 

Circle No 380 


MOTHER BOARD 
@ Allows you to build IBM PC/AT- 
compatible computers 

© Has seven expansion slots 
Based on Zymos’ Poach chip set, 
the MM286AT mother board allows 
you to build an IBM PC/AT-com- 
patible computer around it. It runs 
an 80286 wP that you can clock at 
8 or 10 MHz, and the board also 
has provision for an 80287 math 
coprocessor. It’s supplied with 512k 


DCNDC 


CONVERTERS 


FAST 


DELIVERY 


ae 


S, 


MODELS 
FROM 


INTERNATIONAL POWER DEVICES, INC. 


155 N. BEACON ST., BRIGHTON, MA 02135 
Phone: (617)782-3331 * Fax: (617)782-7416 * Telex: 989-752 
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bytes of RAM that you can expand 
onboard to 1M byte. In addition, 
the board includes a floppy-disk 
controller, two RS-282C I/O ports, 
and a  Centronics-compatible 
printer port. There are also seven 
expansion-slot connectors, five of 
which are configured to accept AT 
boards; the other two accept boards 
that are compatible with the IBM 


PC/XT. The Award BIOS is avail- 
able for the board. Approximately 
£500. 

Micro-Marketing Electronics 
Ltd, Unit 4, Soho Mills Industrial 
Estate, Wooburn Green, High 
Wycombe, Buckinghamshire HP10 
OPF, UK. Phone (0628) 529222. 
TLX 848080. FAX (0628) 810141. 

Circle No 381 


Multi-Channel Filter for 
Data Acquisition Systems 


The Model 9016 makes filtering easy 


Expandable— Up to 16 channels 
Configurable—Choice of filter trans-, 

fer functions 

® Butterworth 

B® Elliptic 

@ Bessell 

® Linear phase 
Simple—Menu driven operation 
Agile—Fine tuning from 0.1 Hz 

to 102.4 kHz 
Adaptable—Pre- and post gain 
to 40 dB 


For more information, 
please call us at 
617-374-0761. 
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Efficient—Non-volatile memory 
stores up to 8 set ups 
per channel 

Conversational—80 character dis- 

play for front panel 
operation, and 
HELP messages 
Programmable—By keypad or 
bus—standard 
parallel or 
IEEE-488 


FREQUENCY 
DEVICES" 
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A/D BOARD 


e IBM/AT-style plug-in board that 
digitizes data at 100 MHz | 
e Has a 2-channel analog input 
bandunidth of 50 MHz 
The STR*8100 is an A/D board for 
IBM PC, PC/XT, PC/AT and 386 
compatible computers. The single 
plug-in board contains an 8-bit flash 
converter that digitizes transient 
data at rates from 780 kHz to 100 
MHz. An equivalent time-sampling 
mode digitizes data at a rate as high 
as 800 MHz. The board’s 2-channel 
analog front end has a 50-MHz 
bandwidth. You can address its 
64k-byte static RAM buffer on 16k- 
byte boundaries. Memory segmen- 
tation lets you collect short data 
blocks in 4-byte increments. You 
can trigger externally or via soft- 
ware for pre- or post-triggering 
modes with delays from 0 to 256k 
samples. A post-processor finds the 
peak amplitude and the peak’s time- 
of-arrival within a software-defined 
window. The board comes with a 
2-channel, real-time digital-oscillo- 
scope display program and a 1-year 
warranty. $4400. 

Sonotek Inc, 8700 Morrissette 
Dr, Springfield, VA 22152. Phone 
(703) 440-0222. TWX 910-250-5257. 
FAX 703-440-9512. 

Circle No 382 


DEVELOPMENT BOARD 

@ For TI’s TMS820C30 floating- 
point DSP. chip 

@ PC/AT board and daughter 
board act as a coprocessor 

The Banshee System is an IBM PC/ 

AT plug-in board for developing 

software for TI’s TMS320C30 float- 
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THE ONLY THING MISSING 


FROM THIS 680-PAGE 


~ LEADED RESISTOR/CAPACITOR 


DATA BOOK IS YOU. 
ORDER YOURS NOW. 


Mepco/Centralab leaded passive components: 


e Ceramic capacitors 
e Tantalum capacitors Title 
e Aluminum electrolytic capacitors 
e Film and variable capacitors 


PHILIPS rm 


Mail to: Mepco/Centralab, Attn: 
2001 W. Blue Heron Blivd., P.O. Box 10330, Riviera Beach, FL 33404 


New 680-page 1988-89 Leaded Resistor/Capacitor Data Book contains 
valuable performance and specifying data on the complete, broad line of 


Corp. Advertising 


Name 


e Fixed film resistors and networks Company 

e Non-linear resistors = 

e Cermet trimmers Dept. /Div. 
And ask for our data book on America’s 

broadest line of SMD® passive Address/MS 
components, too! 

Please send me these specification guides: Fok 

(1) New Leaded Resistor/Capacitor Data Book 

LJ New Surface-Mount Device Catalog State/Zip 


EDN 111088 


MEPCO/CENTRALAB 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 


®SMD is a service mark of North American Philips Corporation. 
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ing-point DSP chip. The board of- 
fers two types of memory options. 
It can hold 32k to 512k bytes of 35- 
nsec dual-access memory that the 
host can access by stealing cycles 
_ from the DSP chip. The DSP chip 
can access the memory with zero 
wait states. The other option is 8k 
bytes of 90-nsec dual-port memory 
that the host and the DSP chip can 
access with no wait states. The 
board communicates with the PC/ 
AT host through the memories, a 
data-exchange register, or the 
host’s DMA channel. An optional 
16-bit A/D and D/A daughter board 
plugs directly into the AT-type 
board for I/O communications. 
Board with 128k bytes of dual- 
access memory, software package, 
without the TMS320C30 chip, 
$4995; daughter board, $795. 
Atlanta Signal Processors Inc, 
770 Spring St, Atlanta, GA 30308. 
Phone (404) 892-7265. 
Circle No 383 


LAN ADAPTER CARD 


e Provides communications at 2M 
bps for Macintosh II computers 
® Occupies a single backplane slot 
The BroadTalk LAN board is a 
broadband LAN adapter board for 
the Macintosh II computer. The 
board uses a 2M-bps modem operat- 
ing in a standard video channel for 
the broadband cable. The following 
inbound-to-outbound channel as- 
signments are currently available: 
T14 to J, T14 to N, 2’ to O, and 3’ 
to P. The card uses 168.25 MHz as 
an offset frequency to translate 
channel T14 to J and a 192.25-MHz 
offset frequency for the other chan- 


CIRCLE NO 67 


nel translations. The board occupies 
one backplane slot and uses Eth- 
ernet-packet-format driver soft- 
ware. You can change the board to 
an Ethernet adapter operating at 
a 10M-bps data rate by changing 
the modem to an Ethernet adapter 
module. Board with the broadband 
modem, $895; board with the Eth- 
ernet adapter module, $745. Deliv- 
ery, 60 days ARO. 

Cactus Computer Inc, 1120 Met- 
rocrest Dr, Carrollton, TX 75006. 
Phone (214) 416-0525. 

Circle No 384 


9600-BPS MODEM 


®@ Complies with CCITT V.29, 
V.27, and Bell 212A standards 

@ The dialing protocol is the Hayes 
AT command set 

The E9612 9600-bps, stand-alone 

modem complies with the CCITT 

V.29, V.27, and the Bell 212A/103 

standards and has automatic fall- 
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back and fall-forward modes. Oper- 
ating in the asynchronous mode, the 
modem uses the company’s speedy 
protocol (ESP) to achieve an effec- 
tive throughput as high as 19.2k 
bps. It also operates with the Micro- 
com networking protocol, class 5. 
The modem includes operational 
automatic dial-and-answer and 
manual originate-and-answer 


modes. It performs both tone and 
pulse dialing using the expanded 
Hayes AT command set with pro- 
grammable S-Registers. Other fea- 
tures include a call-progress code 


display, a stored dialing number 
with as many as 40 characters, and 
battery-backed memory, which pre- 
serves modem configurations and 
dialing settings. $1195. 

E-Tech Inc, 3333 Bowers Ave, 
#165, Santa Clara, CA 95054. 
Phone (408) 982-0270. FAX 408- 
982-0272. 

Circle No 385 


CARTRIDGE DRIVES 


@ Records 86M bytes on a DC2000- 
type mini cartridge 
@ Average file-access time of 8 sec 
using the SCSI command set 
The MCD Series II cartridge-tape 
drive in a 3.5-in. form factor uses 
an extension of the QIC-100 data 
format to record 86M bytes on a 
high-density DC2000-type data car- 
tridge. It records data at 16,000 bpi 
on 32 serpentine tracks using a 
group-code recording (GCR) 
scheme. The drive has an average 


file-access time of 8 sec using the 
SCSI random-access common-com- 
mand set and a 48k-byte data 
buffer. It performs read/write op- 
erations at 90 ips and has a rewind 
and search speed of 100 ips. The 
data transfer rate is 98.5k bytes/sec 
for fully corrected data with burst 
rates as high as 750k bytes/sec. The 
drive achieves a bit error rate of 1 
in 1012 bits through the company’s 
Heroic data recovery scheme, a 40- 
bit cyclic redundancy check for er- 
ror detection, and an exclusive-OR 


PRICE...POWER... 


At $995, MAXI/PC is the most power- 
ful integrated schematic capture/PCB 
layout package available...guaranteed! 
Developed by the world’s foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI/PC can tackle your toughest 


boards—dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto- 
matic component placement, automatic 
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ECC with 50% data redundancy. 
The MTBF rating is 40,000 hours 
at 25% duty cycle, and the drive 
comes with a 12-month warranty. 
$480 (500). 
3M, Magnetic Media Div, 3M 
Center, St Paul, MN 55144. Phone 
(612) 733-7297. 
Circle No 386 


MODEM 


®@ Operates synchronously or asyn- 
chronously at 1200 or 2400 bps 
@ Stores 12 standard and 4 user- 
definable modem setups 
The Syncro-24 V.26/V.26-bis mo- 
dem operates synchronously or 
asynchronously at bit rates of 1200 
or 2400 bps, in full-duplex mode 
over 4-wire leased lines, or in half- 
duplex mode over 2-wire lines. 
Over leased lines, its 10-msec syn- 
chronization time suits it for both 
multidrop and point-to-point appli- 
cations. The modem is software pro- 


grammable using the industry stan- 
dard AT prefixed commands. In ad- 
dition, you can select one of 12 stan- 
dard or four user-definable modem 
configurations, using front-panel 
pushbuttons. A separate command 
port allows you to perform modem 
configuration, autodialing, and call- 
monitoring operations without dis- 
turbing the data channel. The auto- 
dialer, which uses AT prefixed com- 
mands or the V.25-bis asynchro- 
nous/synchronous protocol, can 
store 20 telephone numbers. You 
can select and dial stored numbers 
from the modem’s front panel or ac- 
tivate the selected number via the 


V.24 DTR (data terminal ready) 
signal. The Syncro-24 is available 
as a stand-alone unit or as a card 
for the company’s Network-16 com- 
munications rack. Stand-alone unit, 
£445; modem card, £395. 

Mayze Systems Ltd, Delta 900, 
Great Western Way, Swindon, 
Wiltshire SN5 7XQ, UK. Phone 
(0793) 511789. TLX 445707. FAX 
(0793) 511683. 
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MOTHER BOARD 


® Transforms an IBM PC/XT into 
a 20-MHz 80386 

® Has four 16-bit, three 8-bit, and 
one 32-bit slots 

According to the manufacturer, the 

SX386 rev 5 system mother board 

can transform IBM PC/XTs and 

compatible computers into 20-MHz, 

zero-wait-state systems. Besides its 

20-MHz 80386 CPU, the board has 

1M byte of 32-bit surface-mount dy- 


gate and pin swapping and automatic 
routing take you from schematic cap- 
ture to PCB manufacture faster and 
more cost effectively than ever before. 
MAXI/PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world- 
wide. Its high functionality will meet— 
even exceed—your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 
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30-Day Money Back Guarantee 


MAXI/PC gives you the right power 
and functionality...for the right price. 
And guaranteed satisfaction, or your 
money back. It’s a no-risk offer you 

can’t afford to miss. 


Order Today! 


We accept check/money order, Visa 
and MasterCard. 


1-508-692-4900 
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238 Littleton Road, P.O. Box 365 
Westford, MA 01886-9984 
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nted C one seepage pooveiaa wave scaldena ae Boaie hea is eliminat 

ae ite re installed, Dialight sealed switches stay that way. Our rigid-mount, see support 
bees make sure of it. _ 
a And the ve our sealed switches perform i is a as $ petinanent B : 


Finally, Dialight S 
silver ae youl ir , 


ailz ble in tho sands of standard vers ons and any 
sivable custom configur 
. If you feel the way we do about switches, page 
, turning is still the recommended course of action. But do 
it in our catalog. It’s available free of charge by calling 
201-223-9400, or writing Dialight Corporation, 
1913 Atlantic Ave., Manasquan NJ 08736. 


DIA GHTcorrorarion — 


A Cambridge Electronic Industries Company 


| _-. Engineering is the only commodity we e sell.  . 
/ See Us at WESCON, Anaheim, CA Nov. 15-17 _ “CIRCLE No 257 
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namic RAM modules (expandable to 
16M bytes) and a 20-MHz memory 
bus with 32-bit addressing; it can 
also support an 80387 math copro- 
cessor. Its eight expansion slots are 
divided into four 16-bit, three 8-bit, 
and one 32-bit slots. The board runs 
with Unix, Xenix, PC-MOS 386, 
and other operating systems de- 
signed for the 80386 CPU. The sys- 
tem and the EGA BIOS can operate 
from the 32-bit memory. In addi- 
tion, the board allows PC/XT users 
to run the OS/2 operating system 
and maintain their present invest- 
ment. in XT software and peripher- 
als. Mother board with 1M byte of 
RAM, $1900; 16-bit disk controller, 
$170. 

Dyna Computers, 3081 N First 
St, San Jose, CA 95134. Phone (408) 
943-0100. FAX 408-943-0642. 
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TAPE BACKUP 


@ System features 600M-byte stor- 
age capacity 
@ Uses DAT format with error- 
correction extensions 
The QA-600 tape backup system 
based on the digital audio-tape 
(DAT) cassette format features 
600M bytes of storage capacity and 
runs on SY-TOS tape operating- 
system software. The system’s soft- 
ware format uses the standard DAT 
physical format with added error- 
correction-code extensions to cor- 
rect as many as six consecutive bad 
tracks. The software format resem- 
bles the QIC standard, thus allow- 
ing it to take advantage of tape- 
drive software for DOS, XENIX, 
OS/2, and Novell operating sys- 
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tems. The drive comes in a 5%-in. 
form factor, which can be an add-on 
for the IBM PC/AT and PS/2 com- 
puters or as an internal unit for 
IBM PC/AT compatibles. $2000. 
Alliance Technology Ine, 510 
Lawrence Expressway, Suite 210, 
Sunnyvale, CA 94086. Phone (408) 
727-6200. 
Circle No 389 
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*to .025% **Qty = 99 


For complete information about these low 


circuits, ask your Burr-Brown sales 
representative or contact Applications 
Engineering, 602/746-1111. Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 85734. 


Don’t settle 
for more 
than 75usec 


Compare the leading instrumentation amplifiers: 


to .01% 


Settling 
é Typ 


' 
wpaszaao | 100 [15000] 1sus | — | ves | ves _| 


cost, uncompromising high speed gain block 


I/O BOARD 


® Analog and digital I/O for single- 
height VME Bus systems 

@ Allows you to implement self-test 
and calibration routines 

To provide both analog and digital 

I/O facilities, the VDAD single- 

height VME Bus board has 12-bit 

A/D and D/A converters and 12 

TTL-compatible bidirectional digi- 


Standard| Internal 
Pin-Out | 


| 1sust | No | No 


CHOOSE INA110 


BURR -BROWN® 
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“The ultimate solutions 


— 


| id microcircuits from STC. 
in Hybrid microcircuits trom sIv. 

t STC we have been No 

designing and manuv a A S+\ ae “Se 
facturing standard and ~ ~\ a ‘ | _~ 
custom hybrid Wick et ‘ 
products for more ae oe, \ Ss ~~ 
than 25 years. , ; * = a3 

Through the use of 
the latest CAD, CAE and 
automated production 
systems we can offer inter 
active product developmen 
and achieve cost effective 
designs and efficient 
manufacturing. 

The commitment made 
by STC to the advance- 
ment of hybrid 
technologies has ¢ 
established our 
place in Europe ‘ 
amongst the leaders in ¥ 
the field. 

In the United States” 
we enjoy full participation” 
in US military and Aerospace 
projects which has been 
enhanced by the attainment 
of Mil Std 1772 Certification. 

The application of semi- 
custom and full custom 
semiconductor technology 
has permitted the further 
development of a market 
leading range of Mil Std 


— STC Components Inc. 


1553 components and other 3 
custom hybrid modules, | EDN. 11.88. pees 
including military SEM's. Naine (io ov ee 
Development continues rere 
on large area substrates, CA 91360 2 
power modules, silicon Address USA , 
sensors with emphasis on Tel: 805 495 8667 
addressing all market Fax: 805 495 5803 
sectors. 
The STC commitment TUUTURER ||] VVORRE | NUTR 
to our customers continues. | iI 
Why not share your problem vill ATT 


with us? Post Code Teles hia sso og Se a CIRCLE NO 258 
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tal I/O lines. The A/D converter has 
16 input channels and operates at 
conversion times between 7 and 25 
wsec. You can initiate A/D conver- 
sions via software commands, an 
external trigger input, or an on- 
board 24-bit timer. The D/A con- 
verter has four output channels and 
a control register that has a read- 
back capability. Two handshake 
lines, associated with the digital I/O 
lines, allow you to generate system 
interrupts on external events. The 
board includes signal-switching fa- 
cilities that allow you to implement 
self-test and A/D calibration rou- 
tines. It interfaces to a range of sig- 
nal-conditioning modules. The 
VDAD board is available partially 
populated, minus the A/D or D/A 
converter. From DM 950 to DM 
1900 (OEM qty). 

Pep Modular Computers GmbH, 
Am Klosterwald 4, 8950 
Kaufbeuren, West Germany. Phone 
(08341) 81001. TLX 541233. FAX 


Circuit Breakers for 
International Applications 


For Information Contact: 


Inmark Corporation 


Norwalk, CT 06854 
Telefax: (203) 866-0918 


147 West Cedar Street 
(203) 866-8474 
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(08841) 40422. 
Circle No 390 
Pep Modular Computers Inc, 
Carnegie Office Park, 600 N Bell 
Ave, Pittsburgh, PA 15106. Phone 
(412) 279-6661. TLX 6711521. 
Circle No 391 


MULTIBUS I SBC 

® Has a 20-MHz 80386 CPU and 
1M or 4M bytes of dynamic RAM 

@ Uses 4 double-word interleaved 
memory banks 


Software- and hardware-compatible 


with Intel’s 386/3X Series Multibus 
I boards, the CD21/8386 single- 
board computer features a 20-MHz 
80386 CPU and 1M or 4M bytes of 
dual-port dynamic RAM. It em- 
ploys 4 double-word interleaved 
banks of RAM to reduce wait states 
and eliminate the need for cache 
memories. The board also contains 
sockets for an 82380 DMA control- 
ler, an 80387, and a Weitek 1167 


WEBER 


math coprocessor. You can use 
either or both the 80387 and the 
Weitek coprocessors. The board can 
communicate with external devices 
through an RS-232C port or two 
SBX connectors. It contains all the 
Multibus interface logic required to 
operate in a multimaster system. A 
software monitor performs system 
tests, bootstrap-loads the operating 
system, and performs debug: func- 
tions. Since the board can accept 
206k-, 1M-, or 4M-byte dynamic 
RAMs, it can have as much as 16M 
bytes of memory. 4M-byte version, 
$5900. (100) 

Central Data, 1602 Newton Dr, 


Your Partner for Innovative Circuit Protection 
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With 1987 NEC* Code approved cable 
from Manhattan. 


The heat is on! The NEC ruled that by July Ist of this 
year, all electronic cable installed through walls, floors 
or ceilings must be UL listed and meet the new fire 
safety requirements. 


We’re cable ready to meet your NEC Code needs from 
the industry’s largest inventory. Our eight regional 
sales centers are ready to ship cables that meet the 
requirements of installers, electrical contractors and 
OEM's, within 24 hours. 


Call today for technical literature and ordering 
information on the 1987 NEC Code Cable. 
Escape Unharmed! 


Y Manhattan 


ELECTRIC CABLE CORPORATION 


Station Plaza, Rye, New York 10580 
*NEC is a registered trademark of the National Fire Protection Association, Inc., Quincy, MA. Toll Free 1 -800-228-M ECC 
See Us At Booth 5321-5323 CIRCLE NO 307 
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Champaign, IL 61821. Phone (800) 
482-0315; in IL, (217) 359-8010. 
FAX 217-359-6904. TWX 910-245- 
0787. 

Circle No 392 


ACQUISITION SYSTEM 


© Has a 12-bit A/D converter for 
the Macintosh II and SE 
®@ Also has two 12-bit D/A convert- 
ers and 16 digital I/O channels 
The MBC-625 data-acquisition sys- 
tem for the Macintosh II and SE 
computers consists of a Nubus plug- 
in board that can accept daughter 
boards and an expansion system for 
the Macintosh SE. The system pro- 
vides 16 single-ended or 8 differen- 
tial input channels, a programmable 
gain instrumentation amplifier, a 
12-bit A/D converter, two 12-bit D/ 
A converters, 16 digital I/O chan- 
nels, and three counter/timer chan- 
nels. The A/D converter has an ac- 
curacy of 0.02% for a +10V full- 
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scale input voltage and has a con- 
version time of 5 psec. The system 
throughput is 142 kHz. The plug-in 
board accepts as many as three 
plug-in boards for further system 
expansion. The SE expansion sys- 
tem consists of an enclosure with 
the plug-in board, a separate enclo- 
sure for the power supply, and a 
bus-extender board and interface. 
Data-acquisition plug-in board, 
$1290. SE expansion system, $1890. 
MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
Circle No 393 


CPU CARD 


@ Features NEC’s 16-bit, V25 pP 
for the STD Bus 

® Has two serial ports, 32k bytes 
of RAM, and 24 digital I/O lines 

The 9510 multifunction CPU card 

for the STD Bus features an 8-MHz, 

16-bit V25 wP from NEC that’s 
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Your Partner for In 


code compatible with Intel’s 8088 
wP. Other features include two RS- 
232C ports, 24 digital I/O ports that 
can drive an optical-module rack, an 
ISBX expansion port, an alphanu- 
meric display port, and a matrix- 
type keypad port. The card has 32k 
bytes of RAM for program and data 
storage, with space available for an 
additional 128k bytes. Other op- 
tions include a 16-bit real-time clock 
and a floppy-disk controller. A 
built-in disk operating system reads 
and writes MS-DOS formatted 
disks if you opt for the disk control- 
ler. The card comes with STD Basic 
IIT installed in 32k bytes of ROM. 
STD Basic’s Call statement lets you 
run assembly language and com- 
piled C programs. $545. 

Octagon Systems Corp, 6510 W 
91st Ave, Westminster, CO 80030. 
Phone (303) 426-8540. FAX 303- 
426-8126. 
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147 West Cedar Street 
(203) 866-8474 
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For Information Contact: 


Inmark Corporation 


Norwalk, CT 06854 
Telefax: (203) 866-0918 
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nience ond scompuibities eliminate multi-source 
ry, instead of back-order delays or high inventory costs. 
1s for an unbiased view of application needs and alternative - 
ea Soci technology. -_— than sd logge obsoles- = 


modular solution for a 


S| WE n provide a - 
_ thekey power r components from logic interface devices, ee 
_ input rectifiers and DC regulating components to the. 
- output power stage. POWEREX now offers the world’s __ 
_ widest array of input power stage thyristor and diode — 
_ modules. Ratings of 20-800 A, with Vpam/Verm from 400 — 
0 3000 V. Circuit configurations include Single device, 
Phase-Leg, Three Phase BridgeandCenterlapin 
common cathode or common anode configuration. : 


~ Recent additions to the product line are a family of - 
Center Tap fast recovery diodes rated at 20-100 A up to 
00 V, anew compact 150 A/1600 V Dual thyristor 
onule, and a new 1200 Vi 300 A GTO thyristor module. 


~ Only POWEREX offers you allthis. For product literature, : 
call POWEREX at 1-800-451-1415, Ext. 300. (In New York, - 


a 345-457-9334. ) For application assistance, call 42985- 
~ 7272, or write eons. inc. Hillis Street, a oo 


SPA 


Not too long ago, when people were 
predicting that new technologies 
would lead to the demise of the 
rotary switch, Grayhill responded 

by starting to re-design it for today’s 
and tomorrow's needs. Here's what 
were doing— 


Process-compatible 


Today's technology demands 
process-sealing so your switches 
withstand wave soldering and 
Cleaning processes. We offer 
process-sealed PC mount switches, 
single or multi-deck, with a growing 
range of choices of position, angle of 
throw, rating, circuitry and features. 


More than just 
run of the MIL. 


We've torture-tested and QPL-d 
them to provide the indusiry’s 
broadest selection qualified to 
MIL-S-3786/04/13/20/35/39! 
Military versions are available for 
every major Grayhill series, 

Y%" and 1’, single and multi-deck. 


Keep the quality, 
cut the cost. 


Extensive re-tooling and retro-fitting 
of “old” products—extensive review 
of materials and methods—extensive 
analysis of real-world applications— 
allowed us to reduce cost without 
compromising performance. For 
example, we've developed still higher 
reliability switches with lower cost 
materials, where long shelf life and 
low cycle life are required. 


Shorter lead times. 


Using interlocking parts instead of 
insert molding is just one way we've 
cut the production cycle on custom 
switches. Your custom switches 
come more quickly, your standard 
switches virtually immediately (from 
local distributor stocks if you prefer). 


We keep advancing 
the state-of-the-art. 


Our rotary line is never static...see 
box for the latest forward develop- 
ment in rotary switch technology. 


Grayhill makes rotary 
Switches right and makes 
them easy to buy. 


Technical specifications in the 
switch specifier's bible, the Grayhill 
Engineering Catalog, are detailed 
enough to guide you completely. 
Application assistance is as near as 
your phone, and delivery as near as 
your closest distributor. Call today 
for complete data on rotary switches 
for the nineties and beyond—from 
Grayhill! 


@ 
raghilf 
(106. | 
561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 


Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 


_ AVAILABLE LOCALLY THROUGH THESE REPRESENTATIVES 


NORWAY Hans H. Schive A/S 
Asker © Tel: (2) 90:09 00 

SINGAPORE, REPUBLIC OF Microtronics Associates Ltd. 
Singapore ¢ Tel: 748-1835 

SOUTH AFRICA, REPUBLIC OF Liberty Electronics (Pty.) Ltd. 
Boksburg © Tel: (11) 52-7637 

SOUTH KOREA Unistandard Corporation 
Seoul « Tel: (2) 532-6815 

SPAIN Unitronics SA 
Madrid « Tel: (1) 2425204 371 


SWEDEN Bo Palmblad Aktiebolag 
Bromma ® Tel: (8) 252720 

SWITZERLAND Walter Blum AG 
Zurich ® Tel: (1) 312 68 72 

UNITED KINGDOM Highland Electronics, Ltd. 
Burgess Hill, West Sussex * Tel: (4446) 45021 


ISRAEL Boran Technologies. Lid 
Petah Tikva * Tet {071} £972) 3) 9345373 
ITALY Microelit sri 
Milan © Tel: {2} 46-90-444 
Rome ® Tel: (6) 889-4323 
JAPAN Jepico Corp. 
Tokyo © Tel: (3) 348-0614 
NETHERLANDS Rodeico BY Electronics 
Breda * Tel: (76) 78-4914 
NEW ZEALAND S.D. Mandeno 
Auckland © Tel: (9} 600-008 
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FRANCE Radio Television Francaise 
Gentilly * Tel: (14) 664-1101 
GERMANY Data Modul AG 
Munchen ® Tel: (011) (49) (89) 56 0170 
HONG KONG Components Agent Ltd. 
Hong Kong ® Tel: (0) 499- 2688 : 
INDIA Hindco Corporation © 
_ Bombay * Tel: (22) 493-1544. 
IRELAND, REPUBLIC OF Neltronic Ltd. 
Dublin * Tel: (1) 503560 


- AUSTRALIA/NEW GUINEA Acme Electronics 
Victoria © Tel: (3) 890 0900 — 
BELGIUM/LUXEMBOURG Rodeico SAINV Electronics 
= Zaventem © Tel: (2) 720 5013 : 
CHINA, REPUBLIC OF Morrihan International a 
_  Taipel * Tel: (02) 752-2200 
= DENMARK E.V. Johanssen Elektronik A- s 
_ Copenhagen * Tel: (1) 839022 
FINLAND OY Flinkenberg & Co., AB 
ae een * Tel: S ao eae 


GUARANTEED 


DELIVERY 


Over 2,500 styles, sizes and colors to meet your needs. . . 


Products Are Available Today 
om Your Bud Distributor 


immediately available from stock. 


Or let us design a special case for you. 
Call us for the name of your local Bud Distributor. 


Bud East, Inc. 

: 4605 East 355th Street 
PO. Box 431 

Willoughby, Ohio 44094 

(216) 946-3200 

FAX: 216-951-4015 


Bud Industries, Inc. 


Bud West, Inc. 

7733 West Olive Avenue 
P.O. Box 1029 

Peoria, Arizona 85345-0350 
602) 979-0300 

FAX: 602-878-5371 


When it comes to enclosures, we've got you covered. 
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HIGH VOLTAGE, Inc. 


A COMMITMENT 
TO “NO PROBLEM” 
POWER. 


Over seven years of growth with a 
commitment to “problem free” design and 
manufacturing has brought Wasatch to 
the forefront of High Voltage Power. Today 
we are one of the largest suppliers of CRT 
power supplies. In fact, it's very difficult to 
find a company that's more capable of 
modifying or customizing power supplies 
to fit your specific application, deliver units 
at low cost, and provide “just-in-time” 
deliveries. 


High Voltage Power, No Problem... 
its the reason why Wasatch is the right 
choice for your high voltage needs. 


Wasatch Engineers _ 
develop custom solutions 
on a regular basis. 


WoasaTceH 


High Voitage Inc. 

4100 South West Temple 

PO. 15457 

Salt Lake City, Utah 84115 
Rep Inquiries Welcome CIRCLE NO 263 1-801-265-9561 


Argentina 
BUENOS AIRES 
(01) 541 - 7141 to 7747. 
Australia 
ARTARMON 
{02)439 3322. 
Austria 
WIEN 
(0222) 60 101-820. 
Belgium 
BRUXELLES 
(02) 5256111. 
Brazil 
SAO PAULO 
{011} 211-2600. 
Chile 
SANTIAGO 
(02) 7738 16. 
Colombia 
BOGOTA (01) 249 76.24. 
Denmark 
COPENHAGEN 
(01) 541133. 
Finland 
HELSINKI 
09 +358-0-50 261. 
France 
ISSY-LES-MOULINEAUX 
(01) 40938000. 
Germany 
HAMBURG 
{940} 3296-0. 
Greece 
TAVROS 
{01} 4894339/48 94 911. 
Hong Kong 
KWAI CHUNG 
{0)-2451 21. 
India 
BOMBAY 
(022) 49 30.311/49 30590. 
Ireland 
DUBLIN 
(01) 693355. 
Italy 
MILANO 
(02) 6752.1. 
Japan 
SIGNETICS 
TOKYO 
{03} 230-1521. 
Korea 
SEOUL 
(02) 794-5011. 
Malaysia 
PULAU PINANG 
(04) 87 0044. 
Mexico 
TOLUCA 
(721) 613-00. 
Netherlands 
EINDHOVEN 
(040) 783749. 
New Zealand 
AUCKLAND 
(09) 605-914. 
Norway 
OSLO 
(02) 68.02 00. 
Pakistan 
KARACHI-3 
{O21} 7257 72. 
Peru 
LIMA 
(014) 707080. 
Philippines 
MAKATI-RIZAL 
(02) 868951 to 59. 
Portugal 
LISBOA 
(019) 6831 21. 
Singapore 
SINGAPORE 
3502000. 
Spain 
BARCELONA 
(03) 30] 63 12. 
Sweden 
STOCKHOLM 
(08) 78 21 000. 
Switzerland 
ZURICH 
(01) 48822 11, 
Taiwan 
TAIPEI 
(02) 71 20.500. 
Thailand 
BANGKOK 
(02) 233-6330-9. 
Turkey 
ISTANBUL 
{01} 143.59 10. 
United Kingdom 
LONDON 
(01) 5806633. 
United States 
HICKSVILLE 
{516} 931-6206. 
United States 
SIGNETICS 
CORPORATION 
SUNNYVALE 
{408} 99} -2006 
Uruguay 
MONTEVIDEO 
{02} 985395. 
Venezuela 
CARACAS 
{02} 23939 31. 
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sy from Philips. 
y It’s logical. 


Using advances in fabrication technology, moving from six 


y to three to one micron effective gate lengths, Philips CMOS logic 


now operates at speeds offered by the most advanced bipolar 
families, yet with all CMOS benefits. 


That’s Advanced CMOS Logic (ACL) from Philips. With an 
average gate propagation delay of 3 ns (150 MHz operation) and 
24 mA output sink/source capability, Philips ACL allows design- 
ers to implement CMOS benefits across the whole speed spec- 
trum of logic circuitry. 


New pinning for a new technology. 


Traditional IC pinouts, with supply pins at diagonally oppo- 
site corners, are a remnant from the days of single-sided print 
boards. They are inherently unsuitable for Advanced CMOS 
Logic, producing supply and ground noise resulting in reduc- 
tion of system noise margins, loss of stored data and lower sys- 
tem speed. Philips ACL has multiple supply pins at the centre of 
each side of the package, the input pins on one side of the pack- 
age, the output pins on the other side and control pins at the 
corners. 


The result is improved system reliability, simplified design 
and reduced board area. 

All Philips ACL ICs (74 AC/ACT 11XXX family) are available 
not only in 300 mil wide DIL packages but also in SO packages, 
sO you can use surface mounting techniques to increase pcb 
packing density even further. 


If youd like full information on this important logic devel- 
opment, just contact your nearest Philips office. 


For Advanced CMOS Logic, the name is Philips. 


Philips Components, Marketing Communications, Building BA, P.O. Box 218, 
5600 MD Eindhoven, The Netherlands. Telex: 35000 phtc nl/nl jevmc 
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NEW SMD OUTLINE FROM PHILIPS. 


901-223..REAL TW 
PERFORMANCE ON 
PRINTED CIRCUIT BOARDS! 


Kinked leads absorb thermal stress, 
preventing damage to crystal. 


Accepts extensive range of 
crystals up to 2.5mm square. 


Tab position leaves base free to 
be glued for wave soldering. 


Dissipates a full 1W on printed circuit boards and 
2W on ceramic substrates, without extra cooling. 


An extensive range of crystals - rectifiers, diodes, 
thyristors, and both MOS and bipolar transistors up 
to 10 GHz can be put into the versatile SOT-223 
outline. This feature, combined with the excel- 

lent heat dissipating property of SOT-223 

means that you can now benefit from SMD 
technology in a wider range of applications. 


But that’s just the start. SOT-223 offers you 
power-p/usan impressive list of board-mounting 
benefits. 


@ Design ensures level mounting eliminating 
hot-spots, and also allows visual inspection of 
solder joints. 


@ Supplied on standard 12mm tape for speed and 
simplicity of automated placement. 


@ Optimised for mounting onto both printed circuit boards 
and ceramic substrates using all current soldering techniques 
including wave and reflow. 


@ Can be mounted on the same solder pad design as the 
D-pack outline. 
Benefit from this breakthrough now! 
For designers in consumer electronics, automotive, 
telecommunications, EDP industries etc., SOT-223 is a major 


advance in SMD technology. Get the full facts fast. Complete 
and post the coupon, today! 


Philips Components, MC Department (Building BA) SMD: 


PO. Box 218, 5600 MD Eindhoven, The Netherlands TECHNOLOGY 


Please send me full details of the 
new Philips SOT-223 SMD package, fast. 


NAME 
STATUS 
COMPANY 
ADDRESS 


TELEPHONE NO. 


Philips Components, MC Department (Building BA) 
P.O. Box 218, 5600 MD Eindhoven, The Netherlands 
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SWITCHES 


® Available uth either gull-wing or 
J-wing terminals 
® Compatible with all standard sol- 
dering processes 
Measuring less than 0.25 in. sq, 
KSC Series surface-mountable 
switches are available with either 
gull- or J-wing terminals. The sin- 
gle-pole, NO, pushbutton switches 
have actuation forces of 160 or 300¢. 
The 160g model features a 500,000 
cycle lifetime, and the 300g product 


features tactile feedback. The units’ 
trapped-button design ensures that 
the solder joint does not fracture. 
KSC switches are constructed of 
high-temperature plastics and are 
fully sealed to withstand vapor- 
phase, infrared, and double-wave 
reflow soldering processes, as well 


as Immersion cleaning operations. 


The switches comply with all sur- 
face-mount specifications and pack- 
aging standards. They come in ther- 
moformed reels of 1000. The gull- 
wing units are packaged on 0.63-in.- 
wide tape; the J-wing units are 
packaged in 0.472-in.-wide tape. 
These dimensions meet the EIA 
and IEC requirements and are thus 
compatible with most pick-and- 
place equipment. $0.23 to $0.28 
(OEM qty). 

ITT Schadow Inc, 8081 Wallace 


Rd, Eden Prairie, MN 55344. 
Phone (612) 934-4400. TWX 910- 
576-2469. TLX 290556. 
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SUBSTRATE 


® Solves the thermal problems of 
power hybrids 

@ Eliminates external heat sinks 

Designed for surface-mount applica- 
tions, TI Strate is a thermally con- 
ductive substrate material that 
solves the severe thermal dissipa- 
tion problem of power hybrids. It 
is constructed of a 0.62-in. metal 
core, aluminum base plate; a 1-oz 
top layer of electrically conductive 
copper; and a dielectric layer. The 
2- to 3-mil layer of thermally con- 
ductive dielectric material provides 
a low thermal resistance from the 


Good reasons you should use YSI 
thermistors to measure temperature. 


1. High sensitivity. YSI thermistors have a wider re- 
sponse to temperature changes than other types of 
sensors. One of our typical thermistors changes 1,290 
ohms/°C at 25°C, which produces highly accurate 


measurements. 


2. Tight tolerances. YSI thermistors offer standard 


5. Flexible packaging. Order YSI thermistors un- 
mounted, select complete assemblies from 41 stan- 
dard packages, or have us build you custom probes. 


Find out all the good reasons for specifying YSI by 


asking for our catalog and Application Notes. Call 


interchangeabilities of +0.2°C and +0.05°C. 


3. Ruggedness. YSI thermistors are working deep 
under the ocean and on a mission to Mars. 


4. Hermetic seal. In severe moisture environments, 
YSI glass-encapsulated thermistors typically drift an 
insignificant 0.60°C at 200°C in 100 months. 
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YSI Incorporated 


toll-free 800 343-HELP (or 513 767-7241). 


Yellow Springs, Ohio 45387 USA YSI 
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DADISP.. 


Let Your Instruments 
Do The Talking.™ 


Talk to yo 
DADiSP-488 
tions to disp 
waveforms 
name. Run 
software, 0 
programs. 
with DADi 


the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 


(617) 577-1133 


Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT, 
DEC MicroVAX, HP9000, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 


>. DSP 


Development 
Corporation 
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chip or package to the heat sink. 
A 2xX2-in. substrate exhibits a 0.5 
to 0.7°C/W thermal resistance while 
maintaining a 38-kV min breakdown 
strength. This conductivity is 5 to 
10x greater than that of standard 
Kapton or FR4 substrate materials. 
The material also eliminates the 
need for external heat sinks, 
thereby easing the processing cy- 
ele. $0.50 to $1/in.2 
Texas Instruments, 34 Forest 
St, MS 4-9, Attleboro, MA 02703. 
Phone (508) 699-3800. 
Circle No 446 


TRANSDUCERS 
@ Designed for general-purpose in- 
dustrial applications 
@ Possess a 10,000-psi measure- 
ment capability 
P1021 Series transducers accommo- 
date industrial applications where 
solid-state devices cannot cope with 
the environment. An all-welded 
construction and a5 X overpressure 
protection enable the sensors to 
withstand high levels of shock and 
vibration. Available in vent-gauge, 
sealed-gauge, and absolute opera- 
tional modes, the units range from 
75 to 10,000 psi. All devices offer a 
combined nonlinearity and hystere- 
Sis spec equal to + 0.18% of the full- 
range output. The total thermal er- 
ror-band accuracy measures + 1.2% 
of the full-range output. From $330 
and $375 for gauge and absolute 
versions, respectively. 

Schaevitz Engineering, Route 
130 & Union Ave, Pennsauken, NJ 
08110. Phone (609) 662-8000. FAX 
(609) 662-6281. 

Circle No 447 


CONDITIONERS 


@ Provide a computer interface for 

a range of real-world circuits 
@ Offer both current- and voltage- 

input capability 
M2000 Series user-programmable 
data-acquisition and -control mod- 
ules provide a computer interface 
for a range of real-world circuits. 
Thirty models are available for 
measuring voltage, current, fre- 
quency, events, and bridge circuits. 
All models are programmable, al- 
lowing users to scale output data 
in any engineeering units desired. 
Voltage-input models feature an in- 
put capability ranging from +0.1 
to +10V de. Resolution is 0.01% 
of FS. Current-input models have 
a +10- to +1000-mA and a 4- to 
20-mA capability. Bridge- and 
event-input modules have input 
ranges of +30 to +100 mV and 
0.0001 to 30 sec, respectively. Out- 
put data travels via standard RS- 
232C and RS-485 serial communica- 
tion protocols. Selectable baud 
rates range from 300 to 38400 bps. 
$275 to $350. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
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SWITCHMODE SUPPLY 


® Delivers 1.5-kW output power 

© Has power-factor correction cir- 
curtry 

The SMS-1500-00-00 single-output 

switchmode power supply can deliv- 

er 5V at 300A. To achieve greater 

output power or fail-safe operation, 
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oe 
gazelle 


2300 Owen St., Santa Clara, 
CA 95054. 


GAZELLE’S NEW GA22V10 LOGIC DEVICES 


Breakneck Performance at Breakthrough Prices 


Anyone designing a 25 MHz to 40 MHz microcomputer is 
familiar with the three trade-offs of support logic: speed, 
affordability and availability. 

Until now, nobody's ever solved all three at once. 

The problem is that support logic has to run twice as 
fast as the CPU. Or the whole system slows down by a full 
third. Or more. 

Soa 4 Me GPU aceds GA22V10-7 GA22V10-10 
a 66 MHz 22V10. But that 
doesn't exist in silicon. 
And CPUs just keep 
getting faster. 

Problem solved: 
Gazelle’s new 110 MHz 
GA22V 10s. At great prices. In quantity. 

The result? 

Swifter 68030s. Extraordinary 80386s. Accelerated 
88000s. Full-speed SPARC.™ Red-hot RISC. All priced 
competitively. 

The reason? 

Gazelle’s GA22V10s are TTL-compatible GaAs—100% 
pin and function compatible with silicon. At just 34¢/MHz, 
they deliver the price advantage of silicon 22V10s. But at 
110 MHz, they re more than twice as fast. And fast enough 
to outrun the fastest CPUs. 

But inexpensive enough to outsmart the toughest 
competition. 


SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuits, Inc. © 1988 Gazelle Microcircuits, Inc. All rights reserved. 


EDN November 10, 1988 


CIRCLE NO 262 379 


NEW FROM ERICOMP 


he Minimus™ general purpose single- 
board computer is ideal for a realtime 
multitasking control environment. Data 
acquisition is possible through 8 analog 
input channels and 24 digital inputs. 
Control signals are available via 4 analog outputs 
and 24 digital outputs. Analog channel voltage 
ranges can be user configured quickly and easily. 


The Minimus is based around Intel’s 16-bit CMOS 
80C188 microprocessor, which includes two DMA 
channels, three timers, an interrupt controller and 
a wait state generator. 


The Minimus is capable of directly communicat- 
ing with an IBM* PC via its 62 pin edge connector. 


For More Information or To Place An 
Order, Call 1-800-541-8471. 
(In California, Call 
1-619-457-1888). 


* IBM is a registered trademark of International Business Machines 
**Price subject to change without notice. 


TM 
M | N | M U S General Purpose Single Board Computer 


@ Low power (200 MA TYP) @ 8 channel, 10 Bit 
A/D m4 channel, 8 bit D/A @ 48 general purpose 
digital 1/Os @ 3 programmable timers m 80C188 
Microprocessor (16 bit) il Up to 64K x 8 RAM (32K 
x 8 non-volatile) m@ Up to 128K x 8 PROM @ Single 
supply (9 to 15V) i RS232 Interface ml Real time 
clock/calendar m IBM PC compatible interface 
for coprocessing applications i Optional software 
driver package available 


a ee ERICOMP, INC. 
= ERCOMESs Ga 
San Diego, CA 


92121 


DATA ACQUISITION AND DATA PROCESSING 
ON A SINGLE BOARD 
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TAIPEI, TAIWAN, R.O.C. TEL: 886-2-7359136 TAIPEI HSIEN, TAIWAN 


FAX: 886-2-7032353 TELEX: 16584 MAHANCO 
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495% 
Introductory Price Offer 


TEL: 886-2-9015130 FAX: 886-2-9051227 
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& POWER SUPPLIES 


the power supply can be optionally 
fitted with active current-sharing 
circuitry that allows you to parallel 
as many as five units together. The 
output is fully floating, and you can 
adjust it in the 4.5 to 5.5V range 
by means of an internal potentiome- 
ter. The load regulation is better 
than 0.4% for a load change of 300 
to 1500W, and the line regulation 
is less than 0.2% for a change in 
input voltage of 265 to 195V. The 
supply also features an electronic 
power-factor correction system that 
virtually eliminates quadrature cur- 
rent components being drawn from 
the line input. The output is pro- 
tected against over-current and 
over-voltage conditions, and the 
power supply is protected against 
excessive temperature build-up. 
The supply has flag outputs to indi- 
cate fully operational and power-fail 
conditions. It also has a remote 
shutdown facility. The supply 
meets IEC, VDE, CAS, UL, and 
BS safety requirements, as well as 
international EMC requirements. 
Approximately $1400. 

Weir Electronics Ltd, Durban 
Rd, Bognor Regis, Sussex PO22 
9RW, UK. Phone (0248) 865991. 
TLX 86548. FAX (0248) 868613. 

Circle No 449 

Weir Inc, 418 3rd Street, Anna- 
polis, MD 21403. Phone (801) 268- 
0122. FAX 301-268-7909. 
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INDUCTORS 


@ Features a ferrite shield 
@ Inductance values range from 1 
to 1000 wH 

CS 2014 chip inductors are available 
with inductance values of 1 to 1000 
wH. Minimum Q is 50. The induc- 
tors’ magnetic shield is 100% ferrite 
and provides a coupling rate of only 
3%. Standard tolerance is + 10% for 
inductance values above 10 wH. Be- 
low 10 wH, standard tolerance is 
+20%, but +10% is available by 
special order. Measuring 
0.199 x 0.144 x 0.125 in., the induc- 
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tors are compatible with automatic 
insertion equipment and accommo- 
date both flow and reflow soldering 
operations. The inductors are avail- 
able in both bulk and tape-and-reel 
packaging. From $0.50. Delivery, 
stock to six weeks ARO. 

ICS Manufacturing Inc, 11661- 
F Martens River Circle, Fountain 
Valley, CA 92708. Phone (800) 642- 


2645; in CA, (800) 247-7864. FAX 


714-540-8326. 
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HEAT SINKS 


®@ Meet natural-convection and 
forced-air needs 
@ Accommodate all standard 
power modules 
Series 6760 heat sinks are designed 
to provide low thermal resistance 
in both natural-convection and 
forced-air applications. The units 
feature aluminum fins that are 
bonded to the mounting surface 
with epoxy. Available in nine stan- 
dard sizes, the heat sinks’ mount- 
ing-hole patterns accommodate all 
standard power modules. Forced- 
air models are designed to accept 
standard muffin fans with a 4.12-in.- 
square moumnting-hole pattern. 


Mounting surfaces range from 


7x 4.78 to 1610.78 in., and ther- 
mal resistance values range from 
0.024 to 0.08°C/W. Natural-convec- 
tion models are 3.13-in. high and 
available in 7- and 12-in. lengths. 
The heat sinks have a 7.375-in. wide 
mounting surface and are available 
with or without mounting flanges. 


Thermal resistance ranges from 
0.22 to 0.3°C/W. $39.37 (100) for the 
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7-in. natural-convection model. De- 
livery, eight to 12 weeks ARO. 
Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. Phone (603) 
528-3400. 
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POWER RELAY 


@ Withstands a 5000V surge 

@ Features a 1200-VA switching ca- 
pacity 

Capable of withstanding a 5000V 
surge, the OJE miniature power re- 
lay features 10A contacts in a pack- 
age measuring only 0.579x0.4 x 
0.717 in. The relay can switch as 
much as 10A at 3 to 48V de over 
an operating range of —80 to 
+ 80°C. Its maximum switching ca- 
pacity is 1200 VA or 240W de, and 
the contacts are available in 1A or 
1B arrangements. Units are avail- 
able with either standard or sensi- 
tive coils—450 and 200 mW, respec- 
tively. Its lifetime is estimated at 
100,000 operations min at the rated 
load. The relay is UL recognized 
and CSA approved. $1.76 (1000) for 
a standard Form 1A version. Deliv- 

ery, stock to 12 weeks ARO. 
Original Electric Mfg Co Ine, 
128 Linclon Blvd, Middlesex, NJ 

08846. Phone (201) 271-5770. 
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TRANSFORMERS 


@ Available in 16-pin DIPs 
© Plug-compatible with existing 
standards 

LT60XX Series pulse transformers 
are housed in standard 16-pin DIPs 
and deliver a 2000V min line oscilla- 
tion for Ethernet/Cheapernet appli- 
cations. Able to withstand auto- 
insertion techniques, the units are 


TL Industries VMEbus 
CPUs—100% 
MOTOROLA MVME 
COMPATIBLE 
ENHANCED PLUG-IN 
REPLACEMENTS 


e TVME 1611 (MVME 117-3 Compatible) 


Up to 4 MB DRAM 


e TVME 1612 (MVME 110-1 Compatible) 


System Control at 8 or 10 MHz 


e TVME 1613 (MVME 110-1 Compatible) 


Up to 1 MB Shared DRAM 


— TL Industries also offers contract 
_ ‘manufacturing Capabilities, includ- 
_ ing surface mount technology, © 


custom design, and software ~ 
services. Please call or r write for 
more information. — 


industriés Inc. 


TL Industries, Inc. 

2541 Tracy Rd. 

Toledo, OH 43619 

Call Meg Niehaus 
1-800-227-8144 (outside Ohio) 

or 419-666-8144 

FAX 419-666-6534 
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plug-compatible with existing 
IEEE 802.3 industry standards. 
Other features include a 50V peak 
pulse-voltage rating, a 75-mW dissi- 
pation rating, and a 250-mW aver- 
age power rating. Standard induc- 
tance values range from 35 to 250 
wH. $3.25 (1000). 

Valor Electronics Inc, 6275 
Nancy Ridge Dr, San Diego, CA 
92121. Phone (619) 458-1471. TLX 
653406. FAX 619-458-0875. 
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LIMITERS 


® Handle 100W peak input power 

® Meet MIL-STD-883 requirements 
The units in this family of 1- to 18- 
GHz limiters are designed for low- 
and medium-power applications. 
Model 725 provides limiting for cw 
and peak powers of 8 and 100W 
max, respectively. The Model 726 
is rated for input power levels of 
10W ew and 200W peak. Maximum 
leakage power is 100 mW. Insertion 
loss and VSWR range from 0.7 to 


2.0 dB and 1.75:1 to 2.0:1, respec- 
tively. All models are designed to 
meet the requirements of MIL- 
STD-883. They are supplied in her- 
metically sealed packages with re- 
movable SMA connectors and op- 
erate over a —65 to +125°C range. 
From $300. 

General Microwave Corp, 5500 
New Horizons Blvd, Amityville, 
NY 11701. Phone (516) 226-8900. 
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PROTECTORS 
e Provide primary and secondary 
data-line protection 
® Compatible uith most computers 
and peripherals 
The CPP52-SP and CPP52-PP as- 
semblies are specifically designed to 
provide transient protection for RS- 
232C I/O ports fed from data lines 
in a protected environment. The 
CPP52-SP protects all 25 pins on 
the data-line connector and is com- 
patible with every model of com- 


puter and peripheral on the market. 
The assembly provides secondary 
protection in an environment where 
all lines are contained within one 
building. The CPP52-PP is avail- 
able in three versions: 8, 16, and 
25 pin. All accommodate long-line 
applications where RS-232C lines 
run between buildings or are other- 
wise exposed to a harsh transient 
environment. The assemblies are 
easy to install. CPP52-SP, $44; 
CPP52-PP, $107. 

General Semiconductor Indus- 
tries Inc, 2001 W 10th Pl, Tempe. 
AZ 85281. Phone (602) 968-3101. 
FAX (602) 966-6396. 
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PRESSURE SENSORS 


© Feature full signal conditioning 
© Offer 0.2% full-scale accuracy 
The 142SC100D and the 142SC150D 
pressure sensors measure differen- 
tial pressures from 0 to 100 and 0 
to 150 psi, respectively. Both de- 
vices feature full signal conditioning 
circuitry. They offer typical accura- 
cies of 0.2% full-scale output. Offset 
is specified at 1.00+0.05V, and the 
factory-set full-scale output span is 
5+0.5V. All products are specified 
at a supply voltage of 8V, but you 
can use any voltage between 7 and 
16V, since the output voltage is ra- 


Would you hesitate to save 


S 


Rugged Construction, High Charging 
Efficiency and Good Load Performance 


Using VARTA Ni-Cd button cells gives 
the benefits of superior : 
energy, better design 
and lower costs to 

your product. 


VARTA Ni-Cd button cells, if used in- 
stead of cylindricals, may decrease 
your production costs remarkably. 
For instance, if you produce 
100,000 real-time clock devices per 
year using VARTA button cells 

with less than 300 mAh you will 
save at least US$ 150,000. 


mw Let us prove that to you! Also check Order your test samples now! 


" these other advantages: Small \4 fi 


Dimensions, Low Self-Discharge, 
The world's largest battery only manufacturer 
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VARTA Batterie AG - Am Leineufer 51 - D-3000 Hannover 21 - W-Germany 
VARTA Batteries Inc. - 300 Executive Boulevard - Elmsford - NY. 10523-1202 - USA 
VARTA Batteries Pte.Ltd. - RO.Box 55 - Bedok North Post Office - Singapore 9146 
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We Wrote The Boo 
On Switches! 


ae 


Update your switch source file with C&K’s new 
free catalogs. The Newton Division Products Catalog 
#8709 includes miniature instrument grade toggle, rocker, 
slide, DIP. pushbutton, rotary and thumbwheel switches. The Clayton 
Division Products Catalog #C8803 includes switchlocks and low 
cost slide, rotary, rocker and pushbutton switches. 


® i 
Send for our new free catalogs & C&K Components, Inc. 
and see how we wrote the book! 15 Riverdale Avenue 
To receive a free sample, Newton, MA 02158-1082 


call (617) 964-6400. FAX (617) 527-3062 


See Us at WESCON, Booth #2366-2371 
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“12.42 (4A) 


5.07 V (45a) 


Here's a fully featured 400-waitt, triple- 
output power system that’s configured 
for direct connection to the motherboard 
in your VME bus system. It’s a standard 
MOSFET switcher that includes all the 
features you’ ve come to expect from NCR 


Switching frequency i is 80 kHz, and the 
unit has protection against overvoltage, 
overcurrent, and input surges. It meets 
the stringent safety and EMI requirements 
established by UL, CSA and TUV (VDE). 
Packaging complies with the Eurocard 
standards defined in DIN-41494 and IEC- 
297 for plug-in attachment to the mother- 
board. Precise (+0.4%) line and load 


2,12 V (410A) 


regulation and 75% efficiency make the 
unit ideal for data communications and 
processing applications. = ~~ 

Standard units can be modified by 
NCR for precise conformance to cus- 
tomer requirements. | 

For detailed specifications and price 
quotation, contact NCR Power Systems, 
3200 Lake Emma Road, Lake Mary, FL 
32746-3393; Telephone 800/327- 7612 or 
in Florida, call 407/323-9250. 
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tiometric to the supply voltage. The 
transducers have a —40 to +85°C 
operating range; compensation lim- 
its temperature errors to + 1% over 
—18 to +63°C. Both sensors are 
housed in a thermoplastic nylon 
ease. $48 (100). 

Sensym Inc, 1255 Reamwood 
Ave, Sunnyvale, CA 94089. Phone 
(408) 744-1500. 
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DC/DC CONVERTERS 


® Operate over a large input voltage 
range 
@ Provide 40 or 50W output power 
LIR-series encapsulated DC/DC 
converters tolerate more than 
+25% changes in input voltage 
without performance degradation. 
They are available for operation 
from input voltage ranges of 18V 
to 36V (24V nominal), 36V to 72V 
(48V/60V nominal), and 72V to 
144V (110V nominal). The supplies, 


Now, for the first time, you can 
surface mount crystals and CMOS 
crystal oscillators with complete 
confidence. That's because Epson 
has developed new materials that 


will withstand 260°C for 20 seconds (see Curve), well shows osnaag 
IR and Vapor Phase Reflow processing temperatures. And our 
CMOS oscillators give you high-speed 5 nsec rise and fall times, 
45/55 symmetry (typ) and low power consumption. 


260°C FOR 20 SECONDS 


True Surface 
Mount Crystals 
& Oscillators 


ACTUAL SIZE 
é “eo 


which measure 76.2 X 76.2 x 17-mm 
(3 x 3 x 0.67-in.), are available with 
total output power ratings of 40 or 
50W. They are available with sin- 
gle, dual, or triple outputs at 5, 12, 
15 or 24V. All the outputs are fully 
regulated and can operate at ambi- 
ent temperatures as high as 65°C 
without derating. All the outputs 
are short-circuit protected and start 
up correctly under full-load condi- 


CRYSTALS 
PART NO. 
MC-405 
MA-505 


Also ask about our Surface Mount Real Time Clocks. 


MAX RATINGS 


260°C 


vemH 


TIME 
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Call us for detailed information. 


EPSON 


EPSON AMERICA, INC. Component Beles Department 
3415 Kashiwa St., Torrance, CA 90505 


Telephone (213) 534-4500 » TELEX 664277 : FAX (213) 539-6423 


CIRCLE NO 42 


EPSON SURFACE MOUNT CRYSTAL/OSCILLATOR SPECIFICATIONS 


FREQUENCY 
32.768 KHz 


12 MHz ~ 25 MHz 
( 4MHz ~ 12 MHz) 9/88 
(25 MHz ~ 60 MHz) 1/89 


tions. They are available with sol- 
der-pin, screw-fit, or push-fit con- 
nectors. The 40W versions are 
priced at around £78 to £81 (100). 
The 50W versions cost around £80 
to £90 (100). 

Brandner Vertriebs GmbH, 
Siemensstrasse 26, 8755 Alzenau, 
West Germany. Phone (06023) 
330105. TLX 41885938. FAX 
060234609. 

Circle No 458 


POWER SUPPLIES 


© Designed for Eurocard/VME ap- 
plications 

@ Feature a 75% efficiency 

HSU Series switching power sup- 
plies are designed to mount in stan- 
dard Eurocard/VME racks. The 3U 
package is available in 6TE, 8TE, 
and 10TE widths. The single-, 
dual-, and triple-output models in 
the line output 45 to 100W with out- 
put voltages ranging from 5 to 24V 


CMOS CRYSTAL OSCILLATORS 
FREQUENCY 


1.5000 MHz ~ 25 MHz 
(25 ~ 50 MHz) 1/89 


PART NO. 
SG-615 
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de. The switching frequency is 100 
kHz and the efficiency 75%. The 
supplies operate from inputs of 90 
to 132 or 180 to 264V ac. Line regu- 
lation is 0.4%, and load regulation 
ranges from 1 to 5%. Maximum 
noise and ripple are 2%, and tran- 
sient response is less than 0.5 msec 
following a 50% load change. The 
standard operating range is 0 to 
50°C. $102 to $139 (100). 

Total Power International Inc, 
418 Bridge St, Lowell, MA 01850. 
Phone (508) 458-7272. TLX 948617 
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SWITCHES 


@ Are UL recognized and CSA cer- 
tifred 

@ Feature 100,000-cycle lifetimes 

Available in seven illuminated and 
nonilluminated styles, Q Series 
pushbuttons feature snap-action 
switches. The units have a spdt con- 
tact configurations and are UL rec- 
ognized and CSA approved. The 
contacts are rated for 21A max at 
250V ac, 1 HP at 125V ac, and 2 
HP at 250V ac. Full-load electrical 
life is 100,000 cycles. Other specifi- 
cations include a 109] min insula- 
tion resistance and a 1500V rms di- 


rin 


DIN 41612 connectors. 
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electric strength at sea level. Both 
0.187- and 0.250-in. quick-connect 
terminal styles are available. 
Wedge-base T-3'% incandescent 
lamps are supplied with either 6, 
14, or 28V ratings. Lamp terminals 
have 0.25-in. quick-connect termi- 
nals. From $4.80 (1000). Delivery, 
four to six weeks ARO. 

C&K Components Inc, 15 River- 
dale Ave, Newton, MA 02158. 
Phone (617) 964-6400. 
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ENCODERS 


@ Are sealed against harsh envi- 
ronments 

© Operate from a single supply 
Model H20 optical encoders are de- 
signed for the process control and 
factory automation industries. They 
feature an all-aluminum, 2-in. di- 
ameter package that includes an 80- 
lb load bearing. The package is fully 
sealed against oil and water splash. 


Newest members of the growing 
family of Buchanan electronic 


connectors. Until now, DIN 41612 connectors 
have been limited to low amperage signal 
applications. NOW, NEW BUCHANAN-2E POWER 
DIN CONNECTORS PROVIDE HIGH AMPERAGE 
POWER CONTACTS, making these connectors 

the ideal interface in a wide variety of situations — 
especially in power-supply-to-motherboard 
applications. 

Buchanan-2E power DIN connectors give you: 

A versatile series of 2-piece DIN 41612 connec- 
tors with power or power and signal contacts in 
one connector. 

Variety of high amperage models with 15A 
or 20A ratings — plus the option of adding two 
50A contacts. 

Full compatibility with DIN / Eurocard standard 
or other 19” rack systems. 

Wide variety of terminal styles: Quick-connect, 
PC, extended PC, wire wrap, screw, or hand solder. 


Send for Catalog I/O 300A to select a sample 
that fits your application. 


INDUSTRIAL ELECTRICAL 
PRODUCTS 


AMERACE CORPORATION 

INDUSTRIAL ELECTRICAL PRODUCTS 

530 W. MT. PLEASANT AVENUE 
LIVINGSTON, NJ 07039 @ (201) 992-8400 
TELEX: 13-8403 = FAX: 201-992-9416 
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‘Choosing the right fan for your appli- 
cation is easy, when you choose 
PAPST. Simply because PAPST offers 
the broadest line of AC and DC 
tubeaxial fans in the world. 


We also offer you some of the newest 
and most innovative. Like our new 
48-volt DC MULTIFAN, our new sleeve 
bearing 80mm DC MULTIFAN, 6-inch 
DC fans with speed sensing or alarm 
circuitry, and our latest 25mm SLIM 
LINE seriesofAC fans. _ 

All PAPST fans are designed to deliver 
high reliability, low noise, and low — 
‘power consumption. They all feature - 
the PAPST concept of Mechatronics 


— electronic commands efficiently 
converted into direct mechanical 
movement. And theyre all backed by 
one of the largest sales and technical 
support organizations in the country. 


eas 


So if you don't want to waste a lot of 
time finding the wrong fan, spend a 
little time and call or write for our free 
catalog. It will help you find the fan you 
need. Fast. 


hs 


PAPST MECHATRONIC CORPORATION 
Aquidneck Industrial Park, 

Newport, RI02840. (401) 849-8810 
Telex 952092 1-800-551-6245 
(Continental USA except for MA) 
1-800-262-5226 (MA only) 
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An unbreakable code disk provides 
as many as 600 cycles per turn (2400 
counts per turn) on two quadrature 
channels. The encoders feature a 
single LED source and operate 
from a supply level of 5 to 24V de. 
Zero index outputs are available as 
an option. Other options include 
hollow- and through-shaft versions, 
tethered mounting arrangements, 
sealed cable or environmental con- 
nectors, and a variety of mounting 


configurations. $100 (OEM qty). 
BEI Motion Systems Co, 7230 
Hollister Ave, Goleta, CA 93117. 
Phone (805) 968-0782. TLX 888069. 
FAX 805-968-3154. 
Circle No 461 


CONNECTORS 


@ Feature a watertight design 

@ Available in five sizes 

These D subminiature connectors 
have protected, sliding spring-wire 
socket contacts that are pre-bent 
and fixed to the carrier. These fea- 
tures allow them to expand inde- 
pendently, resulting in long life- 
times. The connectors are available 
in 9-, 15-, 25-, 37-, and 50-position 


ONE WEEK TURN AROUND 
ON OUR PCB DESIGN SERVICE OR IT’S FREE! 


National Design, Inc. is the only PCB 
designer you'll see that can make this 
incredible offer. How can they do it? 
Simple. NDI has: 


Senior level designers and 
electrical engineers on staff 


State-of-the-art Cadnetix’s 
workstations and routing 
engine on site 


Gerber photoplotter 


Custom designs of up to 
1400 IC’s on a single 
circuit board. 


offifo off2}o offt3}o 


of{f4+o offsto 


— Fortune 100 references available on request — 


National Design 
“Specializing in high speed printed circuit board design” 


National Design, Inc. © 9171 Capital of Texas Hwy. North 
Houston Building, Suite 230 ¢ Austin, Texas 78759 
Phone (512) 343-5055 © FAX (512) 343-5053 * Modem (512) 343-5054 


“ Applies to digital circuits only. NET LIST input must also be provided. 
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versions. Each accommodates a mix 
of power-, signal-, and coaxial-type 
contacts. The steel housing is corro- 
sion resistant and the surface is gal- 
vanized and chromated in black. 
The body’s polyester FR insulation 
material is equipped with silicon 
sealing plates. The contacts are 
plated in accordance with MIL-G- 
45204. From $15.40 for 9-position 
units. Delivery, four to six weeks 
ARO. 

Carrot Components Corp, 750 W 
Ventura Blvd, Camarillo, CA 
93010. Phone (805) 484-0540. TLX 
181095. TWX 910-336-1237. FAX 
805-987-5062. 
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DC/DC CONVERTERS 
@ Offer as many as three outputs 
@ Feature hermetically sealed 
metal packages 
MFW Series 70W de/de converters 
are available in single-, dual-, and 
triple-output versions. They accept 
inputs of 19 to 40V (28V nominal) 
and provide outputs of 3.5, 5, 12, 
and 15V. All converters are offered 
in hermetically sealed metal pack- 
ages that measure 1.77 X 3.08 x 0.55 
in.—resulting in a 23W/in.2 power 
density. The operating range spans 
—55 to + 85°C. Additional features 
include full input/output isolation, 
internal filtering, short-circuit pro- 
tection, external synchronization 
capability, and an inhibit function. 
Environmental screening to MIL- 
STD-883 is available as an option. 
$695 to $795 (100). Delivery, stock 
to 12 weeks ARO. 

Integrated Circuits Inc, Box 
97005, Redmond, WA 98073. Phone 
(206) 882-3100. TWX 910-443-2302. 
Circle No 463 
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Futaba, a world leading manufacturer of vacuum fluorescent displays, 
offers a wide assortment of display tubes in many sizes and formats. Also, 
Futaba offers display modules with all the electronics required to refresh the 
display and easily interface with host system. 


Both front glass phosphor, which provides maximum viewing angle and 
uniform surface appearance, and conventional back glass phosphor, with 
optimum brightness and software dimming capabilities, are available. All 
Futaba graphics modules offer complete drive electronics, bit mapped 
control with a DC/DC converter. All active components are surface mounted 
onto a single board. 


Utilizing Futaba’s dot matrix displays, a completely intelligent line of “dot 
modules” is available. Each includes all drive, power supply and micro- 
processor components surface mounted onto a single board. Surface 
mounted technology results in higher reliability and allows for a smaller 
overall package and lower cost. All dot modules require only a 5V DC power 
source and can accept parallel or 8 possible serial baud rates. 


Futaba Futaba Pixels Brightness Module 

Display Module (Row X Char.) (FT-L) Dimensions (in.) 

GP1013A GP1013A02 64X34 200 3.35X2.95X0.7 

GP1005B $$ GP1005B03 128X64 400 7.28X3.35X1.77 

GP1010B §GP1010B01 176X16 200 7.32X2.16X1.70 

GP1009B GP1009B03 240X64 200 6.2X2.76X1.57 : 

GP1006B §GP1006B04 256X64 200 9.84X3.35X1.77 mp flat p I gr phic displays and end 
GP1002C_ —GP1002C02 320X240 100* 7.10X6.30X1.60 present clean, sharp images, whether for text or full 
GP1018A GP1018A01 400X240 40 7.10X6.30X1.61 graphics application. 

GP1004C GP1004C03 640X400 30 9.65X7.3X1.85 

GP1019A  GP1019A03 640X400 So 7.10X6.70X2.56 


*Different Versions Available 


Futaba Futaba Char. __ Dot Char. Module 
Display Module X Row Format Ht. (in.) | Dimensions (in.) 
16LD03G Mi6LDO3B_ 16X1 OX/ 0.433 8.90X1.95X.98 ee de ay al Ler ee 
16SY03Z M16SY03B_ 16X1 14 SEGMENT 0.200 4.92X1.32X.83 ee ee Oe ee 
ALPHANUMERIC = edb 
20SD01Z M20SD01 20X1 OX/ 0.200 6.3X1.97X.75 
20SD42Z M20SD42 20X1 9X12 0.344 7.1X2.16X.88 
40SD02Z M40SD02 40X1 5X7 0.200 9.45X2.16X.88 
40SD42Z M40SD42 40X1 9X12 0.344 9.45X2.16X.88 
202SD03Z M202SD03 20X2 5X7 0.200 6.7X2.56X.90 
402SD04Z M402SD04 40X2 oX/ 0.200 10.43X2.56X.90 2 ~—rlr™r™r™—C 
DISPLAYS AVAILABLE SOON 2 x 40 character (module) 
Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 
Corporation of America Futaba also offers a complete catalog of alphanumeric, 
Electronic Components Division segmented displays. 
711 E. State Parkway Telephone: (312) 884-1444 Futaba supports its products with design engineering 
Schaumburg, IL 60173 FAX: (312) 884-1635 and system integration assistance. Call or write today. 
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BUS ISOLATORS 
© Provide pulse transformer isola- 
tion for LANs and buses 
® Available in surface-mount 
packages 
Suitable for surface mounting, 1600 
Series bus isolators for Cheapernet, 
token-ring, and other networks are 
packaged in 28-pin J-lead plastic 
leaded-chip carriers. They are avail- 
able with isolation voltage ratings 
of 500 or 2000V rms. In conjunction 
with suitable interface chip sets, 
you can use the isolators to imple- 
ment CSMA/CD (carrier sense mul- 
tiple access with collision detection) 
and [EEE-802.5 network nodes. 
The isolators for CSMA/CD net- 


works provide isolation for the TX 
and RX data channels and for the 
CD (collision detect) channel. The 
isolator for IEEE-802.5 networks is 
a dual-channel device. In addition, 
a 4-channel isolator can isolate data 
buses, thus offering a low-cost al- 
ternative to optocouplers. £5 (100). 
Newport Components Ltd, Tan- 
ners Dr, Blakelands North, Milton 
Keynes MK14 5NA, UK. Phone 
(0908) 6152382. TLX 825621. FAX 

(0908) 617545. 
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IR LED 


@ Produces two separate beams 
@ Operates at a wavelength of 
950 nm 

The SFH485 infra-red LED emits 
two diametrically opposed beams 
from a single GaAs chip, making it 
suitable for applications that would 
normally require two separate de- 
vices—for example, end-of-tape de- 


THINK LOGIC ———-— 
SWiTCH LOGIC—— —— 


MOXIE THERMAL SENSORS. .. 


STABLE, RELIABLE, REPEATABLE 


This solid state thermal switch Is 
designed for the fast response time 
needed to protect sensitive electronic 
components. 


Sharp Transition 

High Noise Immunity 

TCR —200%/°C 

Fixed Hysteresis 

No Mechanical Contacts 

C MOS Compatible 

TO- 18 Package or Die Chip 

Mounting Lug, Lead Wire Optional 
Switching Temps: 50,57,60,65,75 & 85°C. 
Samples Available Upon Request. 


Applications: Power Transistor 
Protectors; Switching power supplies; 
Battery chargers; Smoke & fire detectors; 
Telecom equipment; Dual speed fan 
control; U.PS; Fan failure warning; etc... 


For More Information, Contact: 
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CANADIAN THERMOSTATS & CONTROL DEVICES LTD. 
8415 Mountain Sights Avenue, Montreal, Quebec H4P 2B8 


TEL: (514) 739-3274 
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FAX: (514)739-2902 


See Us at Booth #1041 


tection in video recorders. The two 
beams have a half-angle of 8° and 
a peak emission wavelength of 950 
nm. The LED is housed in a 
6.4x2.5-mm oval-shaped package 
and produces an output power of 8 
mW/sterad at a forward current of 
100 mA. DM 0.90 (1000). 

Siemens AG, Zentralstelle fiir 
Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2840. TLX 5210025. 

Circle No 465 

Siemens Components Inc, Opto- 
electronics Div, 19000 Homestead 
Rd, Cupertino, CA 95014. Phone 
(408) 257-7910. TWX 910-838-0022. 
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OPTOCOUPLER 


@ Needs no power supply 
@ Operates over —40 to + 100°C 
The PV1I5100 optocoupler produces 
its output from an internal pho- 
tovoltaic generator (PVG). Input 
current causes an optical emission 
from an LED to strike the PVG, 
thereby producing the output sig- 
nal. It provides a 5V/10-wA output 
with a 10-mA input. The units will 
accept steady-state inputs of 2 to 
50 mA as well as pulse inputs up 
to 1A. The units operate over a — 40 
to +100°C range. Turn-on times 
with loads of 10 and 1 MQ equal 
10 and 15 psec, respectively. Corre- 
sponding turn-off times are 400 and 
100 psec. Maximum I/O capacitance 
equals 1 pF, and dielectric isolation 
specs at 2500V rms. $2.37 (1000). 
Delivery, four to six weeks ARO. 

International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
Phone (213) 607-8869. 
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Imagine a digital (PCM) data 
recorder using helical-scan 

technology. Compact, light (7kg) and truly portable. One that records 2, 4 or 8 
channels of data for two hours on a single, tiny DAT-format cassette. Imagine that it 
offers unparalleled accuracy, S/N ratios of 70dB, inter-channel phase skew within 5°, 
and operates happily on AC, DC or optional batteries. 

Now imagine a sudden need—the other side of the city, or the other side of the 
world—to record critically important data. Complex, phase-sensitive acoustics. 
A threatening burst of seismographic activity. Or a promising geological survey. 
Anything where lives, fortunes or reputations may be at stake. 


And relax. Reality—in the RD series—is everything, and more, that you could 
possibly have imagined. 


TEAC CORPORATION: 


3-7-3 Naka-cho, Musashino, Tokyo, 180 Japan 
Tel: (0422)52-5016 TIx: 2822451 Fax: (0422)52-1390 


@ Canada, R.H. Nichols Co. Ltd. Tel: 416-851-8871 Tlx: 06-964576 Fax: 416-851-6862 HM Korea, BANDO INDUSTRIES, LTD. Tel: (02) 735-1406 ~ 9 Tix: K26254 Fax: (02) 735-1479 MIR.O.C., KAIZER 
TRADING CO., LTD. Tel: (02) 506-0980 ~ 9 TIx: 21923 Fax: (02) 506-8181 MH New Zealand, Northrop Instruments & Systems Limited Tel: 856-658 TIx: NZ 3380 Fax: 857-276 MW! Australia, AWA 
Technology Group Tel: 888-9000 TIx: 22692 Fax: 888-9310 HM South Africa, SPESCOM TMS (Pty) Ltd. Tel: (011) 788-0530 TIx: 4-22541 Fax: (011) 880-1549 Hl United Kingdom, INTERNATIONAL 
RECORDERS LTD. Tel: 04427 5959 TIx: 825946 li F.R. Germany, nbn Elektronik GmbH Tel: 08152/390 TIx: 526458 Fax: 08152-39140 M@ Austria, nbn Elektronik GmbH Tel: 0316/40 28 05 Tlx: 312664 
Fax:0316/40 25 06 M Netherlands, SIMAC ELECTRONICS B.V. Tel: 040-582911 Tix: 51037 Fax: 040-582707 M@ Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02-252.36.90 TIx: 23662 
Fax: 02-252.33.68 li France, TEKELEC AIRTRONICS S.A. Tel: (1) 4534-75-35 T1x:204552 Fax: (1) 4507-21-91 Mltaly, A.E.S.S.E.S.p.A. Tel: 02/5454.64.741-2-3 TIx: 312293 Fax: 02/545 0701 @ Spain, 
ATAIO Instrumentos S.A. Tel: 733 05 62-733 37 00 Tix: 27249 Fax: 314-0485 @ Switzerland, nbn ELEKTRONIC AG Tel: 01/493 2144 Tx: 823812 Hi Denmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 
Tix: 43558 Fax: 03/66 20 30 Ml Sweden, KALIBER AB Tel: 46 8 38 03 50 Tix: 14077 Fax: 08-38 05 03 Hi Norway, TELEINSTRUMENT A/S Tel: (02) 78 94 60 TIx: 72919 Fax: (02) 78 76 97 @ Finland, 
INSTRUMENTARIUM ELEKTRONIIKKA Tel: 90-5284350 TIx: 124426 Fax: 90-524 986 


*If no distributor is listed above in your area, please contact us directly for further details about our products. 
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tion with ephces error ore 
est data integrity. 


computer manufacturers who haven't t ae a 
adopted the MT-2ST/NS50 are actively co 
—for its clear advantages in compact size, huge 
capacity, and data interchangeability. 


TEAC CORPORATION 


S7-3NAKA-CHO, 
MUSASHINO, TOKYO, JAPAN | 
TEL: (0422) 52-5041 
TLX: 2822451 
FAX: (0422) 55-2554 


TEA 


@ Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel:3-343441-6; 

KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 ll Singapore, Nissei 

Sangyo Pte. Lid. Tel: 65-7372011 MiNew Zealand, Northrop Instruments & 

Systems Lid. Tel: 856-658 @ Australia, AWA TECHNOLOGY GROUP Tel: 02 888 

9000 Mindonesia, CHUGAI BOYEKI CO., LTD. Tel: 370824 MM Philippines, 

COMPEX INTERNATIONAL INC. Tel: 213020 MIndia, Priya Electronics & 
Chemicals Limited Tel: 2863611 Ml Kuwait, Bader Al Mulla & Brothers Co. W.L.L. 

Tel: 2423250 M United Kingdom, TEKDATA LIMITED Tel: 0782 577677 MF.R. 

Germany, nbn Elektronik GmbH Tel: 08152/390 M Austria, nbn Elektronik 

GmbH Tel: 0316/40 28 05 M Netherlands, SIMAC ELEKTRONICS B.V. Tel: 

040-582911 HM Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02- 

252.36.90 HM France, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mi Italy, 

AES.S.E SpA. Tel: 02-54.64.741-2-3 MH Spain, ATAIO Instrumentos S.A. Tel: 

733 05 62 HM Switzerland, WENGER PERIPHERALS AG Tel: 01/830 75 55 

> @ Denmark, Dansk Binzer Teknik A/S Tel: 03-662020 ll Sweden, MACROTEK. 
AB Tel: 08-733 02 20 M Norway, SCANTELE AS Tel: (2) 65 69 20 @ Finland, 

INSTRUMENTARIUM ELEKTRONIIKKA Tel: 0-5284350 


* If no distributor listed above is in your area, please contact us directly for 
further details about our products. 
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And many 


are coming 
right off 


our Shelves. 


For over twenty years, CTI has been providing 
design and manufacturing solutions for some of the 
most complex black box requirements in the most 
demanding markets—nmilitary and government, 
avionics, telemetry, navigation, communications, 
guidance and control systems, among others. 

Our products range from custom hi-rel hybrid 
microcircuits, to Standard Electronic Modules 
(SEMs ) in high-density configurations, to miniatur- 
ized subsystems for military and space applications 
We have in-house hybrid and monolithic design, 
manufacturing, and technology expertise to convert 
the toughest requirements into high-performance 
microcircuits. 

And we've used our experience to build a host of 
standard circuits. These pre-engineered “off-the- 
shelf” packages include MIL-STD-1553 standard 
data bus products, and MIL-STD-1397 interfaces. 

One new standard product is the CT2100, 

a microprocessor controlled, 
quad solid state relay, with 
1500 volt isolation. The 
circuit incorporates 
fully isolated switch 
status and built-in test 
functions, and operates 
from -55 to + 125°C in mili- 
tary environments. 
So, whether your project is in 
the early design stage or is 
approaching production, call on CTI. 
Solutions to some of your requirements may have to 
be invented. Others may already be on our shelves. 
We offer you the advantage of either—or both. Call 
or write us today. 
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Circuit Tecnaclons Inc. 

160 Smith Street, Farmingdale, New York 11735 
Tel: (516) 293-8686 Fax: (516) 293-8622 
See Us at Wescon, Booth #2292-2294 
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How to Beat EMI/RFI Once and For All! 


With high performance TDK EMI/RFI suppression components 


EMI/RFI Suppression Ferrites 


UL Recognized (CSA, VDE, SEV, SEMKO, BS) 
Ceramic Capacitors 


New 
ZJSC 
Series 


roug | Hole EMI/RFI Filters 


Ceramic Capacitor Networks 


With recent advances in digitization 
and integration, electronic circuits 
require a higher degree of reli- 
ability than ever before. Advanced 


sae : a so ap eaae 
circuits and devices now have to oo fo @ 82885 
ding EMI envi en eee ss 

overcome expanding environ- ea bin 6st ss 


ments and the tighter international 
EMI/RFI standards enforced by 
the FCC, CISPR, and DIN. TDK 
technology can help. 

Our expertise in ferrite and other 
materials technology has produced 
an outstanding line of noise-beating 
components, all manufactured 
according to integrated production 
processes. We offer every kind of 
EMI/RFI filter imaginable —from 
power source filters to through 
hole filters—to combat noise from 
the low to high frequency range. 

Our products include ferrite 
cores, amorphous magnetic materi- 
als, ceramic capacitors, varistors, 
radio wave absorbent materials, 
and electromagnetic shielding 
materials. All carry the TDK 
guarantee of reliability, and are 
suitable for a variety of applications, 
including advanced computers, 
automobile electronics, and OA and 
FA equipment. 

And with TDK, you get more 
than noise-combatant components. 
You also get our full support 
services, whether it’s a matter of 
constructing an electromagnetic 
wave anechoic chamber, or devising 
the right measurements. 


CEL& at your service. CEL, TDK’s 
Component Engineering 
Laboratory in Torrance, CA, can assist 
you by custom designing and test 
manufacturing TDK EMI/RFI 


Components to meet your specific 
requirements. Call (213) 530-9397. 


Ferrite Beads/Ferrite Chip Beads 


Common Mode Choke Coils 
/Line Choke Coils (SF Type) 


Varistors 


TDK Electromagnetic Compatibility Technology — At Your Service! 


See us at Wescon/’88 
booth #3087, November 15 to 17, Anaheim, CA. 


CW) wescon ae 


i’ T DIK. 


TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (312) 803-6100 CHICAGO REGIONAL OFFICE 
Phone: (312) 803-6100 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0100 LOS ANGELES 
REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 
HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 GREENSBORO DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 
506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 437-9585 TDK CORPORATION. TOKYO, JAPAN. 


396 


CIRCLE NO 279 EDN November 10, 1988 


NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


PLD SOFTWARE 


@ Generates JEDEC file for device 
programming 

@ Automatically creates combina- 
tional logic test patterns 


OrCAD/PLD allows you to store 
equations, state-machine proce- 
dures, and text describing the logic 
in a specific device next to its sym- 
bol on the schematic. If you make 
subsequent design changes to the 
PLD’s internal logic, the changes 


will be reflected in the documenta- 
tion next to the device symbol on 
the schematic. You can define the 
logic, using a proprietary form of 
indexed equations that reduces 
large and complex Boolean equa- 
tions to a single line. The PLD ex- 
pands the indexed equation into 
Boolean logic, then optimizes it for 
the device. You can also use a pro- 
cedural programming language for 
state machines, truth tables, 
Boolean equations, and schematic 
symbols to define the PLD. The Or- 
CAD/MOD optional utility for the 
company’s digital simulation soft- 
ware can read JEDEC files and 
thereby create simulation models of 
the PLD. You can then exercise the 
PLDs with the other components 
in your circuit to produce a timing- 
based, board-level simulation. The 


software comes with more than 200 
full-specification timing models, but 
also allows you to develop your own 
models if needed. $495 each. 
OrCAD Systems Corp, 1049 SW 
Baseline St, Suite 500, Hillsboro, 
OR 97123. Phone (503) 640-9488. 
Circle No 397 


PC-BOARD DESIGN 

® High-speed graphics 

@ Draws smooth curve traces of ar- 

bitrary shapes 

Master Designer II release 4 has 
added features to address the needs 
of analog designers. In addition to 
using a display-list processing tech- 
nique to speed graphics processing, 
you can specify components lying 
on a critical path and component 
grouping information, which must 


OWER PLUS... 
uality and 

upport You Can 
ely On 


2 Panasonic® K Series of low-cost 
gle output Switching Power Sup- 
1s. Their efficiency and reliability are 
ar from features like these: 


ingle output; 95-132 VAC, 
7-440Hz input 

2 models — 15, 30 and 50 Watt 
onfigurations: with 5-24 VDC, 

1A to 10A 

-year limited warranty 
)ff-the-shelf availability 

ersatile, inexpensive and compact 
tecognized by UL 114, 478; certified 
y CSA 

leets FCC Class B and VDE Class B 
oise regulations 

)ver-current protection 
)ver-voltage protection 


Panasonic 
Industrial Company 


Power Supplies Department 
Two Panasonic Way 
Secaucus, NJ 07094 

(201) 392-4290 


e Compact, light, durable and effi- 
cient. Ideal for use in process control 
and environmental equipment, 
computers and computer peripher- 
als, robotics, and comparable 
applications. 


CIRCLE NO 41 
EDN November 10, 1988 397 


CAE & SOFTWARE DEVELOPMENT TOOLS 


Nene 


ESS — 


be maintained through the layout 
process. You can create smooth 
curve traces, and curved and ir- 
regularly shaped power and ground 
planes. Release 4 also provides a 
feature known as polygon pouring, 
which lets you create shielding 
ground planes automatically by fill- 
ing areas between existing signal 
traces with copper. Another feature 
called trace plowing allows you to 
run a trace through a previously de- 
fined polygon, while the program 
automatically creates the required 
trace spacing. You can also nest 
your curve traces with the trace- 
hugging feature. Jumpers are avail- 
able as components to allow you to 
jump traces on single-sided or very 
- complex boards while maintaining 
connectivity. Automatic stringer 
generation simplifies routing to 
SMT components. Release 4 in- 
cludes interactive pc-board layout 
and schematic-capture software 
with full forward and backward an- 


notation, a 6000-component library, 
and a bidirectional graphics-to- 
ASCII interface called PDIF (P- 
CAD Design Interchange Format). 
$8495. 

Personal CAD Systems, 1290 
Parkmoor Ave, San Jose, CA 
95126. Phone (408) 971-1300. 
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REAL-TIME 68030 OS 


© Features prioritized tasks and 
fast context switching 
@ Provides direct access to 
unterrupts 
Regulus/68030 is a real-time, Unix- 
compatible operating system for 
computers based on the Motorola 
68030 32-bit wP. The OS supports 
all system calls and kernel features 
of Unix System V; the real-time fea- 
tures include prioritized tasks, fast 
context switching, efficient inter- 
task communications, contiguous 
files, and direct access to inter- 


rupts. Typical real-time latency is 
380 psec on a 20-MHz 68030 with 
no wait states; the latency includes 
the disabling and servicing of an in- 
terrupt, task scheduling, and task 
switching. Object-code license fee, 
$7500 (10). 

Aleyon Corp, 6888 Nancy Ridge 
Dr, San Diego, CA 92121. Phone 
(619) 587-1155. FAX 619-587-9968. 
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PC-BOARD CAD 


e@ Allows you to design, etch, and 
drill your own pe boards 
@ Includes automatic via genera- 
tion and an autorouter 
The Versatron-2000 pe-board CAD 
system not only allows you to de- 
sign double-sided pe boards, but it 
also allows you to etch and drill 
your own prototype boards. The 
CAD system is based on a dedicated 
16-bit color graphics computer with 
1.2M bytes of RAM. It features 


The view through 


our window 


is like no other... 


For a Single-Chip Disk Drive Data Recovery Solution. 


Silicon Systems opens a wider window 
to give you a Clearer view of your data 
with our family of new single-chip data 


separators. These exciting new chips take 


the level of integration one step further. 
They combine the data synchronization 
and ENDEC electronics — together with 
most of the frequency setting compo- 
nents — onto a single chip. 


This sophisticated new level of inte- 


gration reduces pin count and board 
space and allows the data rate fo be 


398 


programmed with one external resistor, 
ora DAC, for zoned-bit recording applica- 


tions. And with advanced features like pro- 


grammable data rate and programmable 
decode window centering, you can 
improve disk drive testability while reduc- 
ing your design time and effort. 

You can also select the device for 
your coding methodology requirements 
from a full range of data separator prod- 
ucts: the 32D5321 and 32D535 for 2, 7 
RLL coding; the 32D534 for MFM coding; 


san spn 


and the 32D536 for 1,7 RLL coding. 


Call Now! 
(714) 731-7110, Ext. 3575 


For more information on this new family 
of Data Recovery Devices and our other 
Disk Drive IC Product Families, contact 
Silicon Systems, your local representative, 
or distributor today. Silicon Systems, Inc., 
1435] Myford Road, Tustin, CA92680. 
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high-speed redrawing of any part 
of the layout, labeling of component 
pads, dynamic rubber-banding, and 
automatic generation of vias when 
you move tracks from one side of 
the board to the other. The system 
also has a multipass autorouter that 
in many cases is capable of 100% 
routing. You drive the system using 
a mouse and pop-up screen menus. 
To increase speed, the system runs 
entirely in RAM, only requiring 
disk storage to access component li- 
braries and to store completed lay- 
outs. In addition to generating nor- 
mal hard-copy plots, the system 
plotter can also plot the track layout 


directly onto a copper-clad pe board 
ready for etching. By replacing the 
plotting head with the drill head 
supplied, you can also drill the pe 
board. Hardware and software, 
£5750. 

Versatronics Ltd, Mardy Rd, 
Cardiff CF3 8EQ, UK. Phone (0222) 
770488. FAX (0222) 779295. 
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MULTITASKING OS 


@ Runs on 80386-based computers 
© Upgraded version is compatible 
with DOS 4.0 

VM/386 Professional Multitasker is 
an operating system that runs on 
80386-based computers and pro- 
vides multitasking facilities. It cre- 
ates a separate memory partition 
for each task and within that parti- 
tion creates a virtual 8086-like ma- 
chine to run the task. You can as- 
sign partitions that are larger than 
32M bytes in size. This upgraded 


’ SUPERIOR 
RFORMAN 


version is compatible with DOS 4.0 
and remains compatible with DOS 
version 3. Other new features in- 
clude support for DMA operations, 
allowing Bernoulli boxes and other 
fast I/O devices to work with VM/ 
386; support for networking hard- 
ware from vendors such as IBM, 
3COM, and Novell; and improved 
interrupt handling and asynchro- 
nous communications facilities. The 
operating system provides a sepa- 
rate copy of DOS, AUTO- 
EXEC.BAT, and CONFIG.SYS for 
each virtual machine, so that each 
one can have different characteris- 
tics and start-up conditions. You 
can define a “hot key” that will let 
you switch from one application to 
another with a single keystroke. 
$245. 

IGC, 4800 Great America Pkwy, 
Santa Clara, CA 95054. Phone (408) 
986-8373. TLX 510-601-7773. FAX 
408-986-1431. 
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PAPERLESS BLUEPRINT 


e Provides write-protected access to 
design information 

® Accepts and outputs in standard 
formats 

PreView allows you to communi- 

cate your design to all members of 

the product-process team, while 

maintaining document control. The 

team can view all sources of design 


information, including scanned im- 
ages from paper-based drawings 
and documentation, CAD drawings, 
and 3-D models on PCs under MS- 
DOS or on Sun or Apollo worksta- 
tions under Unix. The software lets 
you or your team create new views, 
zoom in or out, and mirror and ro- 
tate to generate different perspec- 
tives of the design. Your team can 


craeaibiy Conductive _ 
High Performance, Hig “4 Relia — : 
Military/Aerospace Applications ‘ 


) L-PADS have earned their 
stripes in the battle against heat. 
With 0.2°c/watt* thermal resis- 
tance and breakdown voltage 
of 4,000 volts, SIL-PAD 2000 can 
handle your toughest heat prob- 
lem. 

For demanding military/aero- 
space applications SIL-PAD 
2000 meets Mil-l-49456, the 
specification governing elas- 
tomeric fiberglass sheet insula- 


Contact Bergquist today for free samples 
and a copy of the SIL-PAD Design Guide. 
Call Toll-Free 1-800-328-3882 


BEROQUIET 


5300 Edina Industrial Blvd. * Minneapolis, MN 55435 
Telephone: (612) 835-2322 » TWX: 910-576-2423 + FAX: (612) 835-4156 


tion material. SIL-PAD 2000 isa 
boron-nitride loaded silicon 
elastomer. It’s “grease-free,” 
conformable and it's capable of 
meeting or exceeding the ther- 
mal and electrical requirements 
of high reliability applications. 
SIL-PAD 2000 is available in 
a variety of thicknesses, in stan- 
dard configurations or custom 
shapes. 
* 17°C/watt, 10 mil thickness. 
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make notations about dimensions, 
specifications, or questionable ar- 
eas, then return a “marked up” 
electronic version for your review. 
You receive a “clear overlay” that 
you can view on top of the CAD 
database. You can also use the soft- 
ware to overlay two revisions of a 
drawing to compare them and 
graphically determine’ what 
changes have been made. The soft- 
ware accepts CAD data in either 
the IGES (International Graphics 
Exchange Specification) or stan- 
dard plot file format, and it sup- 
ports the MIL-D-28000 engineer- 
ing-drafting application subset of 
IGES. PreView allows you to pro- 
duce data in several different plot- 
ter and printer formats including 
HPGL, CGM, and PostScript, and 
the files are compatible with many 
desktop publishing packages. From 
$2595. 

Rosetta Technologies Inc, 1225 
NW Murray Rd, Portland, OR 
97229. Phone (503) 626-2288. FAX 
503-643-6760. 
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DEVELOPMENT TOOL 


@ Integrated development and de- 
bug tools 
e Runs on DEC VAX and Apple 
Macs 
ToolWare is a completely inte- 
grated software-development and 
-debugging package for the 68000 
wP family that runs on VAX and 
Macintosh hardware. The software 
includes a cross C compiler, an as- 
sembler/linker, and a source level 
debugger with a MakeFile feature 
that allows for quick code compila- 
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When is it practical to develop a 
custom hybrid? What about my 
specific circuit requirements? 
What are the costs, and how 
long does it take? 


Get fast 

answers to 

these important 

hybrid questions with HEI’s 

Express Quote Service. Call, write or FAX today for 
your HEI Express Quote Kit, and we'll respond 
promptly with clear answers and without obligation. 


HEI has 20 years of experience in custom hybrid 
circuit development. The company offers innovative 
hybrid design and manufacturing capabilities, fast 
service, and consistent production quality. 


Ha | HE! inc. 


HYBRID ELECTRONICS DIVISION 


Box 5000, 1495 Steiger Lake Lane, Victoria, MN 55386 
Phone: 612-443-2500 FAX: 612-443-2668 
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Off the shelf protocol software. 
Save time, save money with off-the-shelf protocol software from 


Gcom. We’ve been helping OEMs get their datacom products G|¢ 
to market on schedule since 1980. 
All our software is written in C to be hardware and operating Oim 


system independent. Full source code is provided, and porting 
assistance is available. 

With Gcom software handling protocol functions, you’re 
free to concentrate on the parts of your project that can’t be 
found on any shelf. For complete information, call Gcom today. 


Gcom, Inc. 

41 East University Avenue 
Champaign, Illinois 61820 
Phone (217) 352-4266 
Telex 910-240-1477 
Specialists in Computer Communications FAX (217) 352-2215 
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tion. The package gives you the 
ability to develop applications for 


the 68000, 68008, 68010, and 68020 — 


wPs. Mac version, $2800; VAX ver- 
sion, $11,200. 

Motorola Inc, Microprocessor 
Products Group, 6501 William Can- 
non Dr W, Austin, TX 78735. Phone 
(512) 440-2839. 
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TERMINAL EMULATOR 


e Emulates multiple RTs to MIL- 
STD-1553A or B specs 

e Provides BUS-65517 control from 
Microsoft C 


‘The BUS-69007 software package 


allows the vendor’s BUS-65517 (a 
plug-in card for the IBM PC family) 
to emulate as many as 31 Remote 
Terminals (RTs) that meet the 


Why Do So Many Engineers Specify 
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A: Eagle-Picher, we don’t think you should have to 
compromise valuable circuit board space simply because some 
battery manufacturer elected to make round batteries. 

Electronic circuit board “real estate” is becoming increasingly 
valuable. Consequently, engineers are faced with more complex 
decisions regarding their back-up power source. Keeper II's unique 
prismatic configuration provides effective utilization of board space 
with maximum energy density characteristics. 

Packaged the way circuit board components were meant to be, the 
Keeper II has been proven highly dependable in stand-by power 
applications where years of reliable memory back-up is required. 
Eagle-Picher manufactures 100% of the Keeper products in the USA. 

So, no matter what your power requirements are, count on 


Eagle-Picher. Because Board Space Is Too Valuable To Waste. 


'=5PICHER 


ELECTRONICS DIVISION 
Box 130 « Bethel Road » Seneca, MO 64865 
Phone: 417-776-2256 * TWX: 62864271 « FAX: 417-776-2257 
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stringent status-response timing re- 
quirements imposed by MIL-STD- 
1553A or B. You can use a selection 
of error-injection capabilities for 
any of the RTs. The BUS-69007 
software supports 1553A protocol 
applications where one or more RTs 
must be simulated. The BUS-69008 
software upgrade allows you to by- 
pass the menu-driven software and 
control the BUS-65517 card directly 
through a library of Microsoft C 
subroutines. These subroutines 
support 1553B applications in real 
time to enhance simulation and real- 
system emulation. You can read 
and modify parameters, such as 
data words and RT status bits, in 
real time without impacting mes-- 
sage transfers over the 1553B bus. 
$2500 for 69007; $3000 for 69008. 
ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. TWX 510- 
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NETWORK SOFTWARE 


e Provides VME Bus systems with 
access to Arcnet LANs 
® Operates at file-transfer or data- 
packet levels 
The NFM/ARC and VBF/ARC 
software drivers simplify the inte- 
gration of Arenet LAN communica- 
tion facilities into VME Bus sys- 
tems that run the OS-9 operating 
system. The software drivers oper- 
ate with the company’s VME Bus 
Arecnet interface cards. The NFM/ 
ARC package links with Micro- 
ware’s OS-9/NET network-file man- 
ager to provide transparent access 
to remote systems. As a result, files 
held on remote systems appear as 
if they are held on a local disk. The 
package includes the same functions 
as the OS-9 disk-file manager. Op- 
erating at a lower level, the VBF/ 
ARC software allows you to use 
standard OS-9 operating system 
ealls to transfer single data packets 
across an Arecnet LAN and to 
achieve bulk data-transfer rates as 
high as 800k bps. The driver is sup- 
plied with Vivaway’s VBF variable- 
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Introducing SDT III 
OrCAD/SDT set the standard for low- 
cost PC-based schematic capture. Now 
comes SDT III to make the best even 
better. New feature enhancements and 
advanced schematic capture 
capabilities give you the power of an 
engineering workstation on your PC 


Intuitively Simple 

Pop-up menus, full English commands, 
& a logical progression of steps - - all 
designed to mirror your own intuitive 
approach to design and simplify the 
learning process. 


Yet, SDT III has the power to let you 
create and manage complex designs. 
The program's unique hierarchical 
approach lets you organize very large 
worksheets into smaller, more 
manageable parts. With over 200 
hierarchical levels, even complex gate 
array designs are possible. 


Contact your local OrCAD repre- 6. 
sentative for further information 


1. WA, OR, MT, ID, AK Z. 
Seltech, Inc. 
(206) 746-7970 


2. N.CA, Reno NV 8. 
Elcor Associates Inc. 
(408) 980-8868 


33250. CA y; 
Advanced Digital Group 
(714) 897-0319 


4. Las Vegas NV, UT, AZ, NM, CO 
Tusar Corporation 
(602) 998-3688 


5. ND,SD, MN, W. WI 1d: 
Comstrand, Inc. 
(612)788-9234 


10. 
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NE, KS, IA, MO 
Walker Engineering, Inc. 
(913)888-0089 


TX, OK, AR, LA 
Abcor, Inc. 
(713)486-9251 


MI, E. WI, IL 
Cad Design Systems, Inc. 
(312) 882-0114 


IN, OH, KY, WV, W. PA 12. MS, AL, GA 

Frank J. Campisano, Inc. Electro-Cadd 

(513) 574-7111 (404) 446-7523 

INS VAL NCSC 13. E. PA, NJ, NY, DE, MD, DC 
Tingen Technical Sales Beta Lambda, Inc. 

(919) 878-4440 (201) 446-1100 

FL 14. CT, RI,MA, VT, NH, ME 
High Tech Support DGA Associates, Inc. 


(813) 920-7564 


SDT Timesavers . 
Check out the following timesavers from 
SDT Ill. They'll enhance your 
productivity while providing maximum 
flexibility for your design tasks. 

e Library of over 3700 ready-made 
parts 
Object Editor for custom-created 
parts 
Part rotation/ mirroring 
e More than 100 keyboard macros 
Rubberbanding of wires & buses 
User-defined text/object sizes 


Schematic Capture & Beyond! 


The benefits of SDT III extend beyond 
schematic capture. For example, you 
can transfer the finished schematic data 
to other design programs in your system 
such as board layout and analog or 
digital simulation. SDT III provides over 
20 netlist formats, including EDIF. 


(617) 935-3001 
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Need to print your schematic for 
documentation or a report? Besides 
supporting all leading printers and 
plotters, SDT HI provides you with 
source code to develop your own 
printer/plotter drivers. You can even 
customize your output with your choice 
of template dimensions, text or 
worksheet sizes. 


.. AndStill 
Affordable! 


Call today for your demo disk. 


OrCAD 


Systems Corporation 


1049 S.W. Baseline St. Suite 500 
Hillsboro, Oregon 97123 


(503) 640-9488 


™ 


15. BC, AB, SK, MD 
Interworld Electronics & 
Computer Industries, Ltd. 
(604) 984-4171 


16. ON, PO & Maritimes 
Electralert, LTD. 


(416) 475-6730 


403 


CAE & SOFTWARE DEVELOPMENT TOOLS 


block file-manager software to pro- 
vide multi-channel access to the 
network. NFM/ARC £85; VBF/ 
ARC &75. 

Comendec Ltd, Aston Science 
Park, Love Lane, Aston Triangle, 
Birmingham B7 4BJ, UK. Phone 
021-859-0981. TLX 334385. FAX 
021-359-0483. 
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EXPERT SYSTEM TOOL 


@ Runs on PCs and MAC ITI and 
Sun workstations 
@ Rule editor allows you to enter 
rules without syntax skill 
Goldworks II expert-system-build- 
ing tool combines windows with dy- 
namic graphics to let you build end- 
user interfaces without program- 
ming. Its features include a knowl- 
edge-representation system; an 
easy-to-use menu interface; inter- 
faces to many conventional applica- 
tions such as spreadsheets and da- 


TANTALUM CHIP CAPACITORS 
FOR SURFACE-MOUNT DEVICES 
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tabases; interfaces to other pro- 
gramming languages; and portabil- 
ity to PCs, Macintosh IIs, and Sun 
workstations. The program com- 
bines frames for representing prob- 
lems, forward and backward chain- 
ing rules for reasoning, and object- 
oriented programming for simplify- 
ing the solution of large problems. 
Written in both LISP and C, 
Goldworks II can take advantage 
of the strengths of both languages. 


With LISP, you get the ability to 
use variables in your rules, an un- 
limited number of values in slots, 
an unlimited number of rules and 
frames, and true message passing. 
C offers you window systems. 
Goldworks II provides both a 
Graphics Layout Tool, which allows 
developers to build graphics end- 
user interfaces without program- 
ming, and Browsers, which pro- 
vides a graphical representation of 
the expert system as it is being 
built. IBM PC/AT system require- 
ments for Goldworks II include 5M 
bytes of extended memory, 15M 
bytes of free disk space, 640K bytes 
of base memory, an EGA display 
adapter and monitor, Microsoft 
Windows version 2.03 or higher, 
and MS-DOS version 3.0 or higher. 
$7500. 

Gold Hill Computers Inc, 26 
Landsdowne St, Cambridge, MA 
02139. Phone (617) 621-3300. 
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Digital Encoder 
Rotary Switches 
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IBM PC 
COMPATIBLE? 
100% 


or Your 
Money 
Back. 


Octagon’s new STD-XT™ CPU 
card and XT Support card for the 
STD Bus deliver 100% IBM com- 
patibility. If your software runs 
on an IBM, it will run on our 
system, every time. We guaran- 
tee it—or your money back. 


Convenience: 
Your compilers, scientific soft- 
ware, “C” libraries and debug- 
ging tools all work just 
the way they do on 
your PC. 


Compatibility: 
The Phoenix BIOS 
insures that every soft- 
ware call is IBM compatible— 
Western Digital and Chips and 
Technologies ASIC chips insure 
compatibility right down to the 
hardware level. No compro- 
mises, no exceptions. 


STD MANUFACTURER'S GROUP 


STD-XT and STD BASIC III are trademarks of 
Octagon Systems Corporation. IBM PC is a 
trademark of IBM. Western Digital, Phoenix, 
Chips and Technologies are respective trademarks. 
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Rugged: 

Our STD-XT uses high noise 
immunity CMOS, operates over 
a 0° to 65°C range, and both 
cards require only 3.2 watts. 


Stand Alone Operation: 
The STD-XT card can be used 
alone with a terminal. Applica- 
tions can be written in the 
resident STD BASIC III™, the 
best ROM-—based, industrial 
BASIC available. Or you can 
use our optional ROM Disk 
Card and software to ROM 


Low Cost: 

The STD-XT card is $795 and 
the XT Support card is $695. 

Prices include 256K RAM and 
BIOS and STD BASIC III. 


FREE CATALOG 
available on the STD—XT and 


other STD Bus products. 
CALL (303) 426-8540 
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“C,” PASCAL or other software. 


Features: 

STD—XT 

e COM1 and COM2 serial ports 

e LPT1 printer port 

e 128K battery—backed RAM 
included 

e 192K optional RAM/ROM 

e Battery-backed clock 

e IBM keyboard input 

e 4.77 and 7.15 MHz. 


XT SUPPORT 

e Floppy drive controller for 
3.545, 29) drives 

e RGB color and monochrome 
monitor port 

e Up to 384K of static RAM 

¢ Up to 16M on RAM/ROM 
Disk Cards. 


OCTAGON SYSTEMS 
CORPORATION 


6510 W. 91ST Avenue 
Westminster, CO 80030 
(303) 426-8540 
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MAC CAD 


@ Lets you transfer 2-D designs to 
3-D format 
®@ Gives you direct access to the 
Macintosh Toolbox 
VersaCAD/Macintosh version 2.0 
contains substantial improvements 
over earlier releases of this CAD 
program for the Macintosh. A 3-D 
visualization feature allows you to 


transfer two-dimensional designs to 
3-D format; you can then display 
the design using any mix of wire- 
frame, isometric, perspective, or 
hidden-line views. If you change 
one of these views, the program 
automatically updates the other 
views to reflect the changes. Light- 
source color shading provides sur- 
face-modelled renditions. The pack- 


Go ahead! 


SEND US YOUR TOUGHEST 
SIGNAL PROCESSING 


BENCHMARK— 


AND WATCH US BLOW IT AWAY! 


Introducing the VP Series from 
Star Technologies, Inc. 


en attached to your host computer, Star’s new 
Vector Processing (VP) Series 32-bit CMOS pro- 
cessor gives you up to 100 MFLOPS of process- 
ing power. In a package small enough to fit three systems, 
or up to 300 MFLOPS, in a standard 19” EIA rack. 
The VP Series has other advanced features—like 
a high-capacity memory and high-speed I/O that are 
faster than any similar unit on the market. 
And it gives you the computing power you need for 


a wide range of real-time, 
compute intensive applica- 
tions—from radar and sonar 
processing to satellite 
imaging and more. 

So send us your tough- 
est signal processing 
benchmark, and we'll show 
you just how fast the VP 
Series is. On the kind of 
work you do every day. 

Take a trial run on our 
VP today. Call us TOLL- 
FREE at 1-800-782-7005. 
Or write: 


“VW 


Pq STAR TECHNOLOGIES, INC 


515 Shaw Road, Sterling, Virginia 22170 
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age includes three Hypercard 
stacks: a parametric-design stack 
that lets you define relationships 
between different views and assem- 
blies of your design, a database 
stack that lets you include descrip-. 
tive information about any design 
object, and a drawing-manager 
stack that produces a catalog of all 
the designs you have completed 
with the aid of VersaCAD/Macin- 
tosh. The PICT import/export fea- 
ture lets you transfer designs be- 
tween VersaCAD and other Macin- 
tosh applications. You can also per- 
form the transfer by means of other 
standards such as IGES, DXF, and 
ASCII file formats. $1995. 
Versacad Corp, 2124 Main St, 
Huntington Beach, CA 92648. 
Phone (714) 960-7720. 
Circle No 407 


TEXT PROCESSOR 


@ Allows you to format raw text 
files 
® Oprates under the OS-9 operating 
system 

Modelled on AT&T’s NROFF/ 
Unix, the TP text processor oper- 
ates on 68000-family computers that 
run Microware’s OS-9 multiuser, 
multitasking, real-time operating 
system. The package allows you to 
convert raw text files into format- 
ted text suitable for output to 
hardeopy devices, such as daisy- 
wheel, dot-matrix, and laser print- 
ers, as well as photocomposers. 
Text-processing commands let you 
perform a variety of operations, in- 
cluding page fitting; line justifica- 
tion; and margin, paragraph, and ti- 
tle definition. The package also has 
more advanced text-processing 
commands. You can also combine | 
commands to form command mac- 
ros. $600. 

EKF-Elektronik GmbH, Weide- 
kampstrasse la, 4700 Hamm 1, 
West Germany. Phone (02381) 
12630. TLX 828621. FAX (02381) 
15067. 
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Don’t Experiment With High Voltage 
Insist on Kilovac’s Proven Experience For the best solution to your high voltage switching 
Whether your power control applications call for 48V needs contact the experts at Kilovac. 
or 200,000V, isolation or power switching, don't Write or call Kilovac for a full line catalogue or to 
experiment. discuss your specific high voltage applications. 
Kilovac Corporation is the world’s leading supplier PO. Box 4422 « Santa Barbara, CA 93140-9977 
of high voltage relays and power control devices. 805/684-4560 » TWX 910-336-1141 
For over two decades Kilovac has been designing ¢ FAX 805/684-9679 


and manufacturing a broad line of high voltage, 
vacuum and gas filled relays for test equipment, 
communications, radar and sonar, medical, laser, and 
other OEM applications for both commercial and 


The world’s leading supplier of 
aerospace customers. 


CIRCLE NO 591 high voltage switching devices. 


oe | 
‘CONTACT T-MEC TO GET RELIABILITY! | 
QUALITY SWITCHES AND | 


-POTENTIOMETERS 


| LEVER SWITCHES 
PUSH SWITCHES 
| SLIDE SWITCHES | 
/ ROTARY SLIDE SWITCHES 
/ ROTARY SWITCHES 
| POTENTIOMETERS 


| 
i 
i 
| 
| 
i 
| 


‘CUSTOMER'S DESIGNS. 
ARE WELCOME! 
SEND YOUR SPECS, 
'T-MEC WILL PROVIDE 
THE BEST YOU NEVER 
‘GOT BEFORE. 


i 


_ T-MEC 
TAIWAN MISAKI 
ELECTRONICS 
-CO., LTD. 


NO. 88. 

NAN FENG STREET, 
_ TAOYUAN, TAIWAN, 

R.0.C. 

TEL: 886-3-3612183/5 

TLX: 34676 TMEC 

FAX: 886-3-3623889 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


OBJECT-ORIENTED C 


@ Includes function and method 
prototyping 

@ Provides enhanced error-han- 
dling capabilities 

Objective-C version 4.0 is an object- 

oriented superset of the C program- 

ming language that provides type 

checking under programmer control 

and gives you fine-grained control 


of run-time optimization. By using 
Objective-C and its run time sup- 
port environment, you can improve 
productivity and design large soft- 
ware systems. The support environ- 
ment includes the Objective-C Com- 
piler version 4.0, which generates 
C code, supports ANSI C exten- 
sions, and enables function and 
method prototyping; the Objective- 


Only With System Friendly 


32 anti-alias 
filter channels, 
130 dB/octave. 

1 Hz to 204.7 kHz. 
1° phase match. 
Pre and post gain. 
Differential input. 
Calibration input. 
Output monitor. 
Allin 7” 
mainframe. 


Just one of hundreds of programmable hardware 
building block configurations possible with our oper- 
ating system. Just one of hundreds of exclusive 
possibilities that make Precision 6000 truly System 
Friendly now and easy to update in the future. Call 
(607) 277-3550 for brochure. Or write. 


iota 


PRECISION FILTERS, INC. 


240 Cherry Street, Ithaca, New York 14850 
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C Interpreter version 2.0, which al- 
lows you to preprocess, compile, 
link, and interpret source code; 
ICpak 101, a set of classes that im- 
plement basic data structures; and 
ICpak 201, a tool kit that creates 
user interfaces. Versions of Objec- 
tive-C are available for Sun and 
Apollo workstations, DEC VAX, 
Hewlett Packard 9000 series 200/ 
300, and IBM PC/AT and compat- 
ibles. Prices start at $495 for the 
PC/AT version. 

The Stepstone Corp, 75 Glen Rd, 
Sandy Hook, CT 06482. Phone (203) 
426-1875. TLX 506127 FAX 203- 
270-0106. 
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FORTRAN TOOL 


@ Restructures old Fortran pro- 

grams 
@ Makes programs easier to read 

and maintain 
SPAG, a “spaghetti-code unscram- 
bler” that reads and analyzes old 
Fortran source code, produces a re- 
structured version that’s easier to 
read, understand, and maintain 
than the original version. SPAG re- 
orders blocks of statements and 
produces neatly structured and in- 
dented output; it also removes al- 
most all GOTOs and statement la- 
bels. This procedure does not 
change the meaning of the code or 
the order in which tasks are exe- 
cuted, but does change the manner 
in which the program’s internal 
logic is represented by the source 
code. Associated tools are the 
CRAM documenter; the CMAKE 
tool for system building, similar to 
the Unix make; and QMERGE, a 
version-control tool. Versions are 
available for mainframes, worksta- 
tions, and IBM PCs and compa- 
tibles. SPAG PC version, $1200, 
IBM mainframe version, $12,800; 
complete tool set, $1500 to $15,000. 

OTG Systems Inc, Box 5250, 
Scranton, PA 18505. Phone (717) 
348-8200. 
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MAGNET WIRE 


For superior performance and tighter 
controlover twisted wireconstruction. 


Developed for use in the production of 
custom toroid, ferrite or recording head 
coils, soecialty audio and R.F transformers, 
TWISTITE offers a number of distinct 
advantages. 
TWISTITE is custom produced to offer 
a wider range of twisting construction. 
Manufacturing capabilities include: 
¢ Up to 33 Iwists Per Inch on fine wire. 
¢ Twisting tolerance as tight as +1%. 
¢ Tightly controlled capacitance, induc- 
tance and impedance characteristics. 

¢ Up to 10 colors in some sizes for conduc- 
tor identification. 

¢ Huge selection of insulations: NEMA 
MW 1000, JW1177, 105-220°C (single 
through quadruple film builds). 

¢ Wide range of sizes: 24 AWG and finer. 

¢ Wide variety of conductor materials: 
copper, silver, plated conductors, and 
special alloys. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro- 
chure. Both contain valuable information 
On all wire produced and | 
inventoried by MWS Wire 
Industries. Samples of 
TWISTITE are available (ae 
upon request. Pee | 


AAW 
Vv 


Wire Industries 


31200 Cedar Valley Drive, Westlake Village, CA 91362 
CALL TOLL FREE 800 423-5097 
In California 800 992-8553. In L.A., 818 991-8553 


TWISTITE isa trademark of MWS Wire Industries 


CIRCLE NO 282 


THE INSTRUMENTS: 


The DATA 6100 permits complex signal 
analysis with or without computers. You 
get simple one-key access to 50+ pro- 
cessing functions, settling time to within 
0.01% of final value in less than 10 ns, 
rise times as fast as 350 ps and _ resolution 
to 16 bits at 100 GHz effective sampling 
rate. The MODEL 2020 generates 
waveforms in real time, lets you add 
noise, glitches, simulate phase shifts or 
degraded rise times with front panel en- 
try, and features a 512K output memory. 


THE SUB SOLUTION: 


With the 650-1 Plug-In Digitizer’s true 
16-bit/1 MHz resolution, the DATA 6100 
can determine ‘‘Who goes there?”’ in the 
undersea environment, easily differen- 
tiating seemingly identical screw and 
engine noises. With more than 50 resi- 
dent functions and 32,000 data point 
storage, analysis and retrieval of key sen- 
sor data are greatly simplified. 


THE BIOMEDICAL 
SOLUTION: 


Studies of the effect of psychotropic 
drugs on brain electrical activity may lead 
to greater understanding of the etiology 
of mental disorders. The DATA 6100 ac- 


quires signals from 0.5 to 100 mV with 
durations of fractions of a millisecond in 
this advanced research program. In other 
applications, the Model 2020’s direct en- 
try, real-time waveform generation and 
modification enhances analysis. 


THE VIBRATION 
SOLUTION: 

& 
The DATA 6100’s extensive frequency and 
time-domain capabilities excel in industrial 
vibration analysis, such as the automatic 
testing of transmissions, alternators, and 
fuel pumps. For example, 6 FFT input 
types and 18 result options speed electric 
fuel pump fault detection through 
signature analysis. 


THE DISK DRIVE 
SOLUTION: 


Disk drive perform- 
ance parameters 
= such as position error 
signal (PES) symmetry and 
seek-time errors can be 
rapidly and cost-effectively 
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FIND THE SOLUTION TO YOUR 
CHALLENGING SIGNAL ANALYSIS 
PROBLEM HERE. 


(Or challenge us to come up 
with a solution for you). 


tested with the DATA 6100 and the 620-1 


plug-in. Testing PES resonance and PES 
spike is equally fast and efficient. The 
6100’s programmability and powerful 
algorithms provide single-key results. 

Sub photo/General Dynamics 


We’d like to show you how the DATA 6100/Model 
2020 can meet your specific requirements. Complete and 
mail the coupon today for comprehensive technical data 
and demonstration to Analogic, MLS-5E7, 8 Centennial 
Drive, Peabody, MA 01961 or call 1-800-343-8150. 


Name 
Company 
Address 
City State Zip 
Phone ( ) 
EDN 111088 
AINALOGIC.# 
\GeBata PRECISION 
The World Resource 


for Precision Signal Technology 


Analogic GmbH ®¢ Siemensstrasse 13 

6200 Wiesbaden-Nordenstadt ¢ W. Germany 
Tel: 49-6122-70060 

Analogic Ltd ¢ Ascot House * Doncastle Road 
Bracknell ¢ Berkshire ¢ England RG12 4PE 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Briefly describe your application: 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Tel: 44-3-44-860111 
| 
| 


The Marriage of Real-Time and UNIX® 

_Mizar’s Hybrid Server™ system unites the features 
of UNIX with real-time performance. Each Hybrid 
Server couples a UNIX front-end from Sun Micro- 
systems with a high performance Mizar real-time 
subsystem. Based upon Wind River Systems’ 
VxWorks™ Real-Time Operating System, the real-time 
subsystem offers an embedded multitasking kernel, 
interprocessor communications, file management 
facilities, a choice of processors including SPARC™ 
68010, 68020, and 68030, and a variety of peripheral 
options. Each Hybrid Server is fully integrated in a 
single enclosure and ready for your application. 


Advanced Real-Time Networks 
To supplement these features, Mizar’s Hybrid Server 
includes options for networking. Through Ethernet™ 
and VxWorks, you can assemble networks of 
windowing Hybrids for sophisticated real-time 
management and control. Mizar servers can 

even reside in Sun networks with capa- 
bilities for remote login to Sun work- 
stations and network file access. 


Hybrid Server is a trademark of Mizar, Inc. 

Sun logo is a registered trademark of Sun Microsystems. 
SPARC is a trademark of Sun Microsystems. 

UNIX is a registered trademark of AT&T. 

VxWorks is a trademark of Wind River Systems, Inc. 
Ethernet is a trademark of Xerox Corp. 


Sts 


Mizar. 


-bred 


_ Mizar’s Hybrid Server combines noble blood lines. 


The shortest distance between 
concept and reality. 


MIZAR 


1419 Dunn Drive « Carrollton, TX 75006 « (214) 446-2664 
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Exceptional Systems Developed. 
To simplify application development, use y yu 
Server to create the most complete real-tir 
opment system available. Each Hybrid inc 
the tools you need to develop code for your 
targets. Develop under UNIX, download over 
VME backplane, and debug using advance 
software. You can even choose an Sse sot r 
level debugger. | 


Experience the power and flexibility of a Miza 
Hybrid Server. Call today. 


1-800-635-0200 


FOR EMI SHIELDING COMPLIANCE: 


Faced with designing or testing a prod- 
uct which must comply with one of 
the many commercial or military EMI 
specifications? You have two choices: 


You can dig through the mountain of 
published material. ..and still not be 
much further ahead. 


Or, you can make one easy phone 

call to Chomerics. Because whatever 
standards you’re dealing with, our 
people know them inside and out. No 
other supplier delivers the combination 
of knowledge, products, and services 
to make your EMI problems disappear. 


Design Help 

Call us early on in the design phase of your product and 
take advantage of our no-charge EMI design review. 
We'll help you get it right the first time. 


Applications Assistance 

With your design criteria in mind, we'll look across 

the full range of EMI shielding possibilities, and provide 
detailed drawings and prototypes on short notice. 


EMI Testing 

Our depth of experience becomes very important when 
it’s time to test your system. The fact that we operate 
comprehensive military and commercial testing facilities, 
with on-site design, applications support, and materials 
manufacturing, is a real advantage to our customers. 


BEFORE CONSULTING THESPECS, §C|-\O/V\ERICS¢ 


CONSULT THE SPECIALISTS. aGRACE company 


© Chomerics, Inc. 1988 


412 


77 Dragon Court e Woburn, MA 01888 
TEL: 800-225-1936 (In MA: 617-935-4850) « TWX: 710-393-0173 


Chomerics (UK) Ltd. 

Unit 8, First Avenue e Globe Park Industrial Estate 
Marlow, Bucks., SL7 1YA « ENGLAND 

TEL: (06284) 6030 ¢ TELEX: 849817 CHOMER G 
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“Pll measure, 
analyze, synthesize, 
model, test, do cument, 
provide solutions, 
and dojust ab out 


a 
Sf Sa 


ask for araise.’ 


nat test sa more than software. Pm the 


2 ) es i ie te feedback aeons in seconds, 

aking | Bode plots at the press of a button. 

___ ‘To optimize performance, you can connect up to three 

oS nels — to an existing circuit and immediately plot 
qu D0 ree ll then determine the compensation 


at th “nc ve hoes <in Scone. not hours. 
an cue limited worst-case scenarios, predict- 
| g your design’s performance each time. You get more 
esign options from which to pees so lee uv be more 

1y uur decisions. | _ 


I do much more than optimize circuits. ’'m great at 
characterizing components and networks, measuring input 
and output impedance and determining audio susceptibility. 


I allow you to create and analyze electronic and mathematical _ 


models, solve complex equations and generate root locus 


plots. I ‘also do file math, including adding or deleting time _ 


delays, combining data files and converting transfer oe 
from open-loop to closed-loop response and back. 
You'll do so much more because I do so much more. 


You'll become more efficient, productive, and valuable to a 


company, because you'll spend your time designing, rather 
than operating test equipment. See for yourself. Call : 


1-800-262-2522 (in California, 213-539-2522) to ask ie ae 


a demonstration. ”» 
I love to impress people with my abilities. Don’ t Cae 


| . : Si Solutions re Sink dan Themselves 
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: : ) Wescon/ss: 


SEE US AT WESCON SHOW 
BOOTH NO. 3072 


D-CONNECTOR PIONEER 


If you consider the market of D-sub 
connectors in Taiwan too competitive, why 
not shift to the niche market of HIGH 
DENSITY D-CONNECTORS & 
MICROMINIATURE CONNECTOR. We are 
the pioneer in the field of D-connectors in 
Taiwan. For full details, please contact us 
today! 


HIGH DENSITY D-CONNECTORS: 
* Crimp Type 15, 26, 44, 62, 78, 104P both Male and Female 
* DIP PCB Type: 15, 26, 44, 62, 78, 104P Male 

* Right Angle Type: 15, 26, 44, 62, 78P Female 
D-MICROMINIATURE CONNECTORS: 

* Plastic Shell: 9, 15, 21, 25, 31, 37, 51P 

* Right Angle Type: 9, 15, 25P Male 

050 SERIES BOARD-TO-BOARD CONNECTORS: 
* Right Angle Type: 30, 40, 50, 60P 

* Straight Type: 30, 40, 50, 60P 

D-SUB CONNECTORS: 

* Crimp Type: 9, 15, 19, 23, 25, 37, 50P 
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Line of 30 & 40 Watt 
External Power Supplies 
is Now Ready. 


n 10 standard tabletop models 

O Single, dual, or triple outputs 

0 Optional output cables/connectors 

0 In stock from a distributor near you 

Get your product to market faster, with 

an ELPAC WRI Series external 
power supply. Call or write for a 

catalog. 


Operates anywhere in the world. No 

switches, no jumpers, no headaches. 

ELPAC POWER SYSTEMS introduces 

its Wide Range Input Series... 

O Approved by all major regulatory 
agencies 

O IEC input connector — plug it 
in anywhere in the world 
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S| eee POWER SYSTEMS 
3131 S. Standard Avenue, Santa Ana, CA92705 


gum (714) 979-4440 e@ ~~ FAX (714) 241-7293 


For immediate need circle 13 nf 


Visit us at WESCON, Booth 1733 


EDN November 10, 1988 415 


Record highs and lows 
for DC/DC converters. 


New 100 V 


MOSPOWER 
switching transis- 
tors deliver the 
highest current 
rating and lowest 
CDS(on) for cooler 
power supplies. 


Sudiks National Tourist Office Penis 


The Siliconix forecast for power supply design is one of record 
high current ratings and switching speeds combined with record 
low DS(on): 

Our new family of rugged 100 V MOSPOWER devices lowers 
operating temperature, shrinks package size, reduces part count 
and increases system functionality. Now you can use smaller 
heatsinks and eliminate external components such as snubbers 
and voltage clamps. The result—a more power efficient DC/DC 
converter and a more reliable, cost-effective power supply design. 


These 100 V MOS- 
POWER devices are —— 
ideally suited to r~ (NNT 
switching transistor : Ne pts 
applications in DC/DC_ fay 
converters for power (mx 
supplies and military 
products. In addition, 
excellent for solid state relay applications in auto- 
motive products and switching transistors in 
battery powered vehicles. 


All of these Siliconix MOSPOWER devices 
are produced in our Class I wafer fab and 
they are 100% UIS (Avalanche) tested. Get 
record breaking performance. Dial our toll- 
free hot line now! Call 1 (800) 554-5565, Ext. 941 
for your free 100V MOSPOWER Design Kit. It includes 
your sample and data sheets. 


Bf f Sliconix 


incorporated 


60mMQ 30A 30A 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix, Inc. 
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NEW PRODUCIS 


TEST & MEASUREMENT INSTRUMENTS 


PROGRAMMERS 


@ Program pc-board-mounted de- 
vices in circuit — 

@ Handle many MOS and CMOS 
PROMs, wPs, and PLDs 

The Boardsite 4100 and 4400 are, 

respectively, desktop and portable 

in-circuit programmers that pro- 

gram MOS and CMOS PROMs, 

EPROMs, EEPROMs, Ps, micro- 


controllers, and PLDs. Unlike most 
device programmers, these units 
program devices that are already 
mounted on pe boards. In-circuit 
programming, a requirement in 
many military applications, is more 
economical than traditional ap- 
proaches in many commercial appli- 
cations because it reduces handling 
of devices and the possibility of 
costly errors. Both instruments use 
an external IBM PC or compatible 
computer that you supply. The pro- 
grammers include a high-speed ex- 
pansion bus that forms the PC in- 
terface. In a departure from earlier 
in-circuit programmers, the vendor 
has devised a fixturing scheme for 
user pe boards that eliminates cus- 
tom-designed adapters and fix- 
tures. The products also include 
menu-driven software that facili- 


tates the process of profiling the 
boards to be programmed. 
BoardSite 4100, from $9500; 
BoardSite 4400, $14,500. 

Data I/O Corp, Box 97046, Red- 
mond, WA 98073. Phone (206) 881- 
6444. TLX 152167. FAX 206-882- 
1043. 
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FREQUENCY SOURCE 


e Provides 12 frequencies for tele- 
comms testing 

e Has selectable signal levels 
Suited for use in telecommunica- 
tions testing, the LU250 hand-held 
oscillator generates 12 crystal- 
controlled frequencies at six se- 
lectable signal levels. The standard 
frequencies generated are 0.3, 0.9, 
0.8, 1.6, 2.0, 2.4, 2.6, 2.8, 3.0, 3.3, 


To: Management 


ec 
enclosures mee 


I , Or 16 gau 'e ° 
Gauge corner gussets added for hee 


was ri 
190 catalog. Cabtron has vertical mates 
cabinets he P’ and 30° consoles, bench’ 
is oe da urret Cabinets, desk turrets— 
system 4: - We put together the whole 
one call. 


From: Engineering 
Cabtron electronic 


we ve Custom ‘6 a 
meidiy Oe for extra stre Roa ete the floor’’ Prices 
. U ’ : 
quality se ra don’t find that kind of CL] Good looks 
; € enclosures’ not th 
L] Unique F Cabtron has 10 standan en eg 
Cabtron is the only accessories ae n> Choose from and will 
lower system that’s it a can get a oe Combinations of those Colo cng 
Save space. And ea! into the base to ditional cost. We also got 5 *: 


choice of st les— 
(With trim) op inde puter style 


Writing to industrial (wi . 
11 gauge pain oe brackets, and Fle (without trim), 
Patterns, we were Pped on FIA n-time deli 
’ abl €llve 
we needed with stan es bet exactly what Cabtron is famous “a their delj 
Oo catalog items! Service. Not just some tim = delivery ang 
Selection ae but every time. We a 
verything we needed don’t hae, and Cabtron makes sure cag 


Ld All of the above 


AGS 


tron Systems, Inc. 
rive, Northbrook, IL 60062 
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TEST & MEASUREMENT INSTRUMENTS 
a eee 
ee TT SSE ee ee 


2.280, and 2.713 kHz. You ean se- 
lect signal levels of 1, 0, —4, —10, 


—13, or —30 dB. The company also 
provides alternative signal levels by 
special order. The instrument’s out- 
put incorporates a fuse-protected 
coupling transformer that provides 
a de path to automatically hold the 


Survival! That’s what you can expect 
from OTTO precision snap-action 
pushbutton switches. Sealed to sur- 
vive the rigors of industrial, commer- 
cial and military applications, these 
switches are available in momentary 
and alternate (push-on, push-off) 


telephone line. The LU250 operates 
from a single 9V PP3 battery and 
comes with a carrying case and har- 
ness. £170. 

Seaward Electronic Ltd, 
Bracken Hill, S W Industrial Es- 
tate, Peterlee, County Durham 
SR8 2JJ, UK. Phone (091) 5863511. 
TLX 587476. FAX 091-586-0227. 
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83C451/751 EMULATORS 


@ Perform real-time emulation to 
12 and 16 MHz 
© Serally link to IBM PCs and 
100%-compatible hosts 
The MetalIce-83C451 and Metalce- 
83C751 are in-circuit emulators 
(ICEs) that support the 83C451 and 
83C751 microprocessors, as well as 
wPs for the 80C451, 87C451, and 
87C751. The vendor is also adding 
emulators to the line that support 
the 80512, 80532, 80C552, and 
80C652. The 88C451 and 83C751 


action, miniature and subminiature 
sizes, choice of front panel appear- 
ance and button colors. 


Sealed against dirt and water. Electrical 
ratings from computer level to 10 Am- 
peres. Contact resistance <.025 ohms. 


OTTO. 


CONTROLS Division, OTTO ENGINEERING, INC. 
2 East Main Street ¢ Carpentersville, Illinois 60110 ¢ Phone: 312/428-7171 © FAX 312/428-1956 ¢ TELEX: 72-2426 
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emulators support wPs operating at 
clock rates to 12 MHz and to 16 
MHz, respectively. Most of the 
models can break and trace on 16 
trigger conditions. They all support 
full symbolic debugging with 4k 
frames of trace memory. Except for 
the -751 unit, emulation memory 
contains 64k bytes for the program 
and 64k bytes for external data. 
$3495 to $4995. 

MetaLink Corp, Box 1329, Chan- 
dler, AZ 85244. Phone (800) 638- 
2423; in AZ, (602) 926-0797. TLX 
4998050. 
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Tauber and Kodak. For 
the World’s 1st 9-volt 


Lithium Power Cell. 
Introducing the new Kodak Ultralife 
9-volt lithium power cell. It lasts. 200% 
as long as high performance alkaline 
batteries. Because it loses less than 2% 
of its service Capacity a year when not 
IN use, it has a shelf life of up to 10 
years. Its longer life, 

consistent discharge 

qualities, dependability, 

and performance make it 

very cost effective. 

Call today to learn more. 


TAUBERELECTAONICS 


4901 Morena Blvd, ste. 314 

San Diego, CA 92117 619/274-7242 
FAX 619/274-2220; LA 213/416-9000 
OC 714/667-0177; N CA 408/737-9408 
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OF THEMIS? 


CIRCLE NO 290 


TEST & MEASUREMENT INSTRUMENTS 


TRANSIENT RECORDER 

@ Has floating inputs for signals 
from 50 mV to 500V 

@ Stores 256k bytes/channel of 100- 
kHz data 

The 4400 Series data-memory sys- 

tem captures six or eight channels 

of analog-waveform data with 8-bit 

precision. In its standard configura- 

tion, it stores 64k samples of each 


POMONA leads the way 
to reliable SMTest. 


Surface-mount technology is the wave of the future, 
and POMONA is riding the crest, with the broadest 
line of products designed to test surface-mount 
devices. Our ever-expanding selection includes PLCC 
test clips (patent pending), SOIC test clips, SMD 
Grabber™ test clip and other single-point test devices. 
All built to POMONA’s high quality standards. 


For your FREE 1988 General 
Catalog, circle reader service 
number printed below 


POMONA 


ITT Pomona Electronics 
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channel’s data, but you can expand 
the memory to 256k samples/chan- 
nel. You can set the unit’s sampling 
rate from 500 to 500,000 samples/ 
sec on each channel, regardless of 
the number of channels in use. The 
output rate is a constant 500 sam- 
ples/sec. The inputs are floating, 
and you can adjust their full-scale 
sensitivity from 50 mV to 500V. 
From $9250. Delivery, 60 days 
ARO. 

Soltec, Sol Vista Pk, San Fer- 
nando, CA 91340. Phone (800) 423- 
2344; in CA, (818) 365-0800. FAX 
818-365-7839. 
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DEVELOPMENT TOOLS 


© Run on Sun workstations 
@ Debug »P systems at source and 
symbolic levels 

Validate/KEL is a source-level de- 
bugger; Validate/ES is a driver for 
symbolic debugging. Both of the 
tool sets, which are intended for de- 
bugging dedicated systems based 
on 16- and 32-bit Motorola pPs, sup- 
port the vendor’s ES 1800 in-circuit 
emulator and run on Sun Microsys- 
tems’ Unix-based workstations. 
The hardware and the debugging 
tools optionally permit interfacing 
the emulator to the host computer 
via a SCSI bus that transfers data 
as much as 35 times faster than an 
RS-232C interface. The source-level 
debugger includes an optimizing C- 
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KNOW-HOW, EFFICIENCY 
AND RELIABILITY _ 
DON'T ALWAYS MAKE 

A LOT OF NOISK... 


THEMIS : FIVE YEARS’ EXPERIENCE IN VME-CARDS 


Belonging to a large French industrial group, we have taken part in the elaboration of the VME-card. 
We have thus acquired a unique experience in industrial cards. 


THEMIS : SOLUTIONS THAT WORK, SOLUTIONS THAT ARE ALWAYS SUITED 


Based on 32 bits CPU, we have developed a complete range 
of intelligent couplers specifically aimed at your industrial applications: 
robotics, graphics, communications, signal processing, etc. 
Mastering UNIX, OS/9, and pSOS have made us 
the unquestioned specialists in real-time (UNIX/pSOS link). 


THEMIS : INDUSTRY'S SPECIAL PARTNER 


From definition all the way up to on-site integration, our teams of engineers will always be there 
to discuss with you to make sure that the achievements and reliability of your applications 
are optimised. 
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=MPERATURE CONTROLLER, 
ORT YOUR PRODUCT WITH 


FEATURES OF THE ET THERMISTOR | 
The compact ET thermistor is manufactured on a 
fully-automated production line, ensuring high reli- 
ability, consistent quality, and price efficiency. 


| CHARACTERISTICS 


R25: 2K 2 ~250K 2 +3% 
B:+1% 

DISSIPATION: 0.7mW/°C 
TIME CONSTANT: 0.7sec. 


SEMMTIC 


Ishizuka Electronics Corporation 


HEAD OFFICE 
7-7, Kinshi 1-chome, Sumida-ku, Tokyo 130, Japan 
Tel:(03)621-2704 Fax:(03)623-6100 Telex: J33324 IZECCOJ 
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DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


INSTRUMENTS 


language cross-compiler. It also fea- 
tures emulator and simulator links 
that allow you to begin to debug 
microcode before the target hard- 
ware becomes available. Validate/ 
XEL, from $7500; Validate/ES, 
$1500; SCSI option, $4500. 
Applied Microsystems Corp, 
Box 97002, Redmond, WA 98078. 
Phone (800) 426-3925; in WA, (206) 
882-2000. TLX 185196. 
Circle No 419 


WAVEFORM DIGITIZER 


@ Samples two channels at once 
@ Buffers 32k or 64k 12-bit sam- 
ples/channel 

The R1288 waveform digitizer is a 
12-bit unit that, without multiplex- 
ing, samples two channels simulta- 
neously at speeds from 1 to 1M sam- 
ples/sec. You can control it com- 
pletely via the [EKEE-488 bus. It 
offers 32k- or 64k-byte buffers, sin- 
gle-ended or differential inputs, 
sensitivity from 10 mV to 250V p-p, 
and 100% pre- and post-triggering. 
The unit can be used with an exter- 
nal clock. $2995. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 
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SUPPLY TEST MODULES 


@ Let you configure your own 
power-supply tester 

@ Use a library of over 100 test- 
software routines 

The Micro/OEM series of power 

test modules lets you configure 

power-supply test systems in accor- 

dance with your own requirements. 

The modules work with a library 

of over 100 test-software routines 
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and an automatic program genera- 
tor. The software runs on IBM PCs 
and compatible computers. In- 
cluded in the family of modules are 
a ripple-and-noise test unit that 
makes measurements to 50 MHz 
and a 150-MHz waveform analyzer. 
From $12,000. Delivery, six weeks 
ARO. 

Intepro Systems Ine, 450 
Bedford St, Lexington, MA 02178. 
Phone (617) 863-9500. FAX 617- 
861-1957. 
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ARBITRARY GENERATORS 


® Generate analog waveforms from 
digital representation 
@ Have 64k and 128k point wave- 
form memories 
The 9101 and 9109 are arbitrary 
waveform generators that generate 
analog waveforms from digital rep- 
resentations of the waveforms. The 
9101 has a 200M-point/sec maxi- 
mum clock rate, a 64k-point wave- 
form memory, and 350k points of 
non-volatile storage. It can supply 
a maximum output of 10V p-p into 
500. The risetimes of output wave- 
forms can be as short as 5 nsec. 
The 9109 has two channels and 128k 
points of waveform memory; it also 
has a pair of 8-bit output ports that 
display the digital representations 
of the output waveforms. Other- 
wise, the 9109’s specs are similar 
to those of the 9101. A PC-based 
program called Easywave allows 
waveform creation and editing. 
9101, $9900; 9109, $12,900. 
LeCroy Corp, 700 Chestnut 
Ridge Rd, Chestnut Ridge, NY 
10977. Phone (914) 578-6020. FAX 
914-425-8967. . 
Circle No 422 
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LOGIC ANALYZER 
© Displays 8-bit data 

@ Has 16 programmable trigger 

inputs 

The Logic 1 logic analyzer bridges 
the gap between simple logic probes 
and full-featured logic analyzers. 
The unit connects to the system un- 
der test, using a 34-wire cable ter- 
minated in snap-on clips. There are 
eight data inputs and 22 trigger in- 
puts, 16 of which are programmable 
via four panel-mounted 16-position 
switches. When a trigger condition 
is satisfied, the unit displays the 
data at the data inputs as a pair of 
hexadecimal digits. An address lo- 
cator lets you find problems such 
as infinite loops and incorrect 
jumps. $349. 

Atlantic Technologies Inc, 600 
Upland Rd, Upland, PA 19015. 
Phone (215) 499-7480. 
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CALIBRATOR 


@ Offers six de voltage and current 
ranges 

@ Maintains error of <0.025% of 
range 

The 4-lb, 7.55.5 X2.75-in. BC- 

2000 voltage and current calibrator 

provides de outputs with 3’/-digit 

precision in six ranges: zero to 200 

mV, 2V, 20V, 2 mA, 20 mA, and 

200 mA. Maximum error is 0.025% 

of full-scale range on all ranges. An 


New 
Instruments 


y.P-based Programmable 
E/| de Calibrator 


Model 520/A 


The Model 520/A is micro-processor based and 
is compatible with IEEE-488, (GP-IP). 


The height is only 32 inches, features current 
mode outputs from 10 nanoampers (nA) to 110 
milliampers (mA), in 2 ranges, with extraordi- 
nary compliance of 100 Vdc. Even with this 
power, ideal for transducer instrument test- 

ing (4-20 and 10-50 mA), the accuracy is 

+ 0.005%! 


The voltage mode has 3 ranges with outputs 
from 100 nV to 110 Vdc and optional to 1100 
Vdc. Compliance current is 1OO mA. The one 
year accuracy is + 0.002%. 

All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 


Availability: 60 days. 
Price: $3,150. 1OOOV option $595. 


Engineering Contact: Bob Ross 


Tel: (617) 268-9696 
FAX: (617) 268-6754 
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Programmable 
Resistance Calibrator 


Model 620/A 


The Model 620/A is a programmable 
|IEEE-488 resistance calibrator which features 
eight cardinal resistance points. It eliminates 
need to switch leads for various ranges. Ideal 
for use with both non-smart DVM’s and DMM's. 


Features: 

Front Panel Manual Controls 
Accuracies 0.002% to 0.0125% 
2 or 4 wire connections 

True passive resistance 


Specifications: 

Temp: O°C to 50°C 

Relative Humidity: 70% 

Setting: 1 to 10 meg 

Accuracies: 0.0125% (at 1) to 
0.002% (at 10 meg) 

Accuracy: Valid and guaranteed for 12 months 

Price: $1,530 

Engineering Contact: Bob Ross 

Tel: (617) 268-9696 

FAX: (617) 268-6754 
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ELECTRONIC DEVELOPMENT CORP 
11 Hamlin St., Boston, MA 02127 

Tel: (617) 268-9696 

TLX: 951596 (ELECDEVCO BSN) 
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LED display indicates the output 
value. Front-panel-mounted mem- 
brane switches let you select the 
range and control the output that 
appears on the front-panel-mounted 
banana jacks (one pair for voltage, 
another for current). Switches 
above and below each digit of the 
display let you increase or decrease 
the output by amounts that corre- 


spond to the digit weight. The cali- 
brator receives power from the 
115V ac line, with a 230V option 
available for European applications. 
$699.95. 

Martel Electronics, 27 Roulston 
Rd, Windham, NH 03087. Phone 
(800) 821-0023; in NH, (603) 893- 
0886. 
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‘Find us at 
‘Comdex 88’’ 


We already supply Taiwan, Korea, Japan 
and Hong Kong. Now we are looking to 
expand to the USA & Europe. 


We manufacture 


ask 


OM from 32K to IM 


rt Interface 
cation Element 


Sec Speech Synthesizer 


Our R&D is very powerful in design technology. 
We can handle your custom design requirements. 


Silicon Integrated Systems Corp. 
441F, No. 56, Sec. 4, Nan-King E. Rd., 

Taipei, Taiwan, R.O.C. — 
TEL: 886-2-7765770 FAX: 886-2-7773109 - _ 
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PLCC ADAPTER 
@ Works with Data I/O Series 1000 


programmers 
@ Allows simultaneous program- 

ming of 30 devices 
The Pasma 2 adapter lets you use 
Data I/O Corp’s Series 1000 
EPROM programmers, which nor- 
mally work with DIP devices, to 
program LCC- and PLCC-packaged 
ICs in high volume. Each adapter 
accommodates 15 devices; two 
adapters can fit on the programmer. 
The adapter, which features pop- 
out ejectors, permits copying data 
from DIP to PLCC devices or be- 
tween PLCC devices. $3800. Deliv- 
ery, six weeks ARO. 

Program Automation Inc, 22706 
Aspan St, Suite 308, El Toro, CA 
92630. Phone (714) 859-8200. 
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GPIB I/O MODULES 


® Allow digital I/O in IEEE-488- 
based systems 

e Provide optical isolation and sig- 
nal latching 

The PM 21380, PM 2131, and PM 

2132 are stackable, computer-con- 

trolled modules that facilitate inter- 

facing digital input and output de- 

vices to IEFEE-488-based systems. 

The PM 2130 offers eight input and 

eight output channels. The PM 2131 
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GET PAL DEVICES PROGRAMMED TO 
AMD/MMI TESTPRO QUALITY STANDARDS 
THROUGH ANY OF OUR 58 LOCATIONS 


ES LS ELT TEER AB EPO TE AES IO TE NET TE 

Now that AMD and MMI have joined 
forces, Hamilton/Avnet can offer you 
relief for your programming needs with 
the broadest line of PAL" devices in the 
industry — off the shelf and ready for im- 
mediate programming. 

Not only can we serve your program- 
ming needs, we do so with extremely 
high-quality standards. 

As part of the AMD/MMI TestPro* Pro- 
gram, we've invested in AMD/MMI certi- 
fied TestPro equipment at all our Re- 
gional Programming Centers and 
MegaCenters. This equipment allows us 
to test each device for functionality, 
ensuring a higher yield of product that 
works the way you designed it to work. 

So, when you require maximum relief 
from programming deadlines, sit back, 
relax and call on the leaders in Program- 
mable Logic, AMD/MMI, and the leader 
in distribution, Hamilton/Avnet, to ease 
the tension. 

Call today for a copy of our brochure 
which describes in detail all of Hamilton/ 
Avnet’s programming capabilities and 
discusses the added assurance you get 
from our participation in the AMD/MMI 
TestPro Program. 

Forthe Hamilton/Avnet location nearest 
you, call toll-free: 1-800-442-6458 ( 1-800- 
387-6879 in Canada; 1-800-387-6849 in 
Ontario and Quebec). 


"PAL is a registered trademark, and TestPro a 
trademark, of Monolithic Memories, Inc., a wholly- 
owned subsidiary of Advanced Micro Devices. 
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AMD/MMI from 
HAMILTON/AVNET 
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RELIEF FOR 
PROGRAMMING 
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REALTIME CLOCK MODULES 
WITH BUILT-IN QUARTZ OSCILLATORS & 


ULTRA- FAST ACCESS! 


Now the best realtime clock value just got better. The new 
RTC-72421 adds improved electrical characteristics to the 
list of famous EPSON features: built-in crystal, fast access 
and low current consumption. The RTC-72421 needs no 
external circuitry. That makes it faster to install, less 
expensive to stock and assemble...and you get full time/ 
date functions, direct bus compatibility plus provision for 


SPECIFICATIONS 
Realtime Clock Module RTC-72421 


120 nanoseconds 


Access Time: 


Precision: +10 ppm, +50 ppm 
Supply Voltage: 5V +0.5V 
Package: 18 pin DIP 


Oscillation Circuit: Built-in (32.768 KHz) 


battery backup. 


products. 


Also ask about our CMOS SPG-Series, Programmable 
Clock Pulse Generators and other crystal, oscillator 


Telephone (213) 534-4500 © TELEX 664277 © TWX 910-349-7390 © FAX 213-539-6423 


EPSON AMERICA, INC. 


OEM Division 
Component Sales Department 
3415 Kashiwa St., Torrance, CA 90505 
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NOISE PROBLEMS? 
ULTRA-LIGHT SOUNDFOIL 
FLOATS THEM AWAY. 


SOUNDFOIL is a high iseney constrained layer 
vibration damping composite designed to reduce the 
resonant vibrations of thin sheet metals and machine 
components. It is available with five basic types of 
viscoelastic polymers, each having maximum damping 
over a specific temperature range from as low as — 40°C 
(— 40°F) to as high as 260°C (+ 500°F). It bonds 
tenaciously to a variety of substrates and maintains its 
damping properties over an extended period of time. 

SOUNDFOIL from Soundcoat. The most effective way 
to make vibration and noise float away. 


The noise stops here. 


SOUNDCOACE 


One Burt Drive, Deer Park, NY 11729 + 516-242-2200 Ext. 56 « FAX: 516-242-2246 
3002 Croddy Way, Santa Ana, CA 92704 + 714-979-9202 * FAX: 714-979-0834 


Send for your free noise control bulletin No. 810 today. 
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THE 
POWER BROKER 


SL Waber® Manufacturers of the broadest line of 
high-quality power protection devices in the industry... 
designed with a better margin for higher profits. 
All backed by a company that promises stability, 
dependability.. .and personal service. — 
We have what it takes to meet your mache standards... . 


“even custom | design. 


WABER, INC. 


A Subsidiary of SL Industries, Inc. 
520 Fellowship Road/Suite 306 
Mount Laurel, New Jersey 08054 
800-634-1485 

In New Jersey, 609-866-8888. 
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has 16 input channels and the PM 
2132 has 16 output channels. You 
can set the inputs to latch data. 
Modules with input capability can 
compare their inputs to a reference 
data pattern that you program. If 
the data matches the reference pat- 
tern, the module will send a warn- 
ing message to the IFEE-488 bus 
controller. The output lines are op- 
tically isolated and work with signal 
levels of either 0 to 5V or 0 to 30V; 
they are protected against short cir- 
cuits and inductive spikes, and can 
control load currents as large as 100 
mA. Each module, $575. 

John Fluke Mfg Co Inc, Box C- 
9090, Everett, WA 98206. Phone 
(800) 448-5853, ext 77. 
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Philips Test and Measurement, 
Building HKF, 5600 MD, Ejin- 
doven, The Netherlands. Phone lo- 
cal office. 
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ards and Scul 


) ptured® flexible circuits. The le 
A highly reliable and cost effective alternative to 
flex-rigid for your high density applications. 


SCANNER CARD 


@ Switches as many as 1000 ana- 
log-signal points 
® Offers choice of mercury-wetted- 
or dry-reed relays 
The Model 7164 scanner cards con- 
tain 20 2-pole relays. The cards plug 
into the vendor’s 705 and 706 ana- 
log-signal scanners and allow you 
to configure multiplexing systems 
with as many as 1000 differential 
points. You can select cards with 
dry-reed or mercury-wetted-reed 
(Hg) relays. Both types can handle 
a maximum signal level of 100V and 
can carry 1A. The dry-reed devices 
exhibit an initial contact resistance 
of 400 mQ and have a rated life of 


Our Modular Flex assemblies offer you these 


advantages over standard flex-rigid: 
e lower unit cost 
© easy to repair 
e greater flexibility 
Want the details? Call or write: 


ACN Technology 


118 Northeastern Boulevard 
P.O. Box 547X 
Nashua, NH 03061 
1-603-880-6000 
1-800-234-FLEX 
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e easy to assemble 
e lighter weight 
e greater reliability 


Advanced Circuit 


108 closures. The Hg devices main- 
tain their 400 m resistance over 
their rated life of 109 closures. Sig- 
nals enter the cards via 50-pin D 
connectors. Dry-reed card, $395; 
Hg relay card, $650. 

Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Phone (216) 248-0400. TLX 985469. 
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LOGIC ANALYZER 


@ Provides as many as 32 200-MHz 
logic timing channels 
® Comprises add-in boards for an 
IBM PC 
The TA208 add-in board for IBM 
PC, PC/XT, PC/AT, and compat- 
ible computers converts the com- 
puter to a 200-MHz logic timing 
analyzer. Each board has eight in- 
put channels, and you can install as 
many as four boards in a single PC 
to produce a 32-channel analyzer. 
A coaxial connection between the 


“Ina hurry?” 


Chances are when you need test equipment, 
you need it immediately. Leasametric 
delivers—usually within 24 hours. 


Get the best names 


in the business. From 


the best name in the 


business. Leasametric. 
1-800-553-2255 


L#" LEASAMETRIC 


Instrument Rental Division 
1164 Triton Drive 
Foster City, California 94404 


Count on us. 
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boards synchronizes their operation 
and allows a 32-channel setup to 
meet the single-board specification. 
The variable threshold input pods 
present a circuit load of 1 MQ in 
parallel with 3 pF. Trace memory 
depth is 8k bits/channel, and the in- 
ternal clock period is selectable in 
a 1-2-5 sequence from 5 nsec to 5 
msec. As an alternative, you can 


ae 


Variety. For some it is the spice of life. 
At MCE it is a way of life. 

Variety of aptitude, application and 
ability in the development and 
production of custom, semi-custom and 
selected high-quality ICs. That is what 
MCE is all about. 

As an integrated circuit manufacturer, 
MCE is an industry leader. Since 1977, 
design engineers have relied upon our 
extensive experience and expertise for 
innovative solutions to their often 
complex design and applications 
problems. 

MCE offers one of the broadest ranges 
of high-quality product lines in the 
industry, including our family of 20, 40 
and 80 volt semi-custom arrays and 
smart power ICs. 


4 ’ 4 4 4 
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From initial design concepts to the 
finished circuit, MCE provides its 
customers with a full range of technical 
services, advanced facilities and proven 
skills. 

At MCE, we offer a variety of 
expertise. In return we receive a variety 
of satisfied customers. 


peed = => 
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MCE Semiconductor Inc. 
1111 Fairfield Drive 

West Palm Beach, FL 33407 
Tel: (407) 845-2837 

Fax: (407) 863-8275 
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428 


externally clock the analyzer at fre- 
quencies as high as 50 MHz. A sin- 


- gle trigger word, in which you can 


specify logic 0, 1, or don’t-care 
states, triggers the analyzer. There 
is also a trigger filter that you can 
set between 1 and 15 clock periods, 
and you can position the trigger 
point on any 512-sample boundary 
in the trace memory. You can dis- 
play and annotate any 16 input 
channels on the PC, smooth-scroll 
through the trace memory, and 
make timing measurements with 
screen cursors. You can also store 
trace data on disk or dump it to a 
printer. The analyzer has trace 
search and trace compare facilities. 
Approximately SFr 2800. 

Fast Digital Systems SA, 48 
route de Divonne, 1260 Nyon, Swit- 
zerland. Phone (022) 621021. TLX 
419851. 
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ACQUISITION BOARDS 
@ Perform A/D and D/A conversion 
@ Also perform timing I/O and 

digital I/O 
The AT-MIO-16, AT-DIO-32F, and 
AT-DIO-24 data-acquisition cards 
work with the IBM PC/AT 16-bit 
bus. The AT-MIO-16 performs ana- 
log, digital, and timing I/O tasks. 
The vendor supplies the AT-MIO- 
16 with 12-bit A/D converters in 
three speed grades—9, 15, and 25 
wsec/conversion. The AT-DIO-24 is 
a low cost, 24-bit-wide, parallel 
digital interface for use where the 
speed of interrupt-driven process- 
ing is sufficient. The AT-DIO-32F 
is a high speed 32-bit-wide digital 
interface that makes use of DMA. 
AT-DIO-24, $245; AT-DIO-382F, 
$595; AT-MIO-16, $1195 to $1495. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 433-3488. TLX 756737. 
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SIMPSON UNIVERSAL FREQUENCY COUNTERS. 


COUNT ON US FOR 


ACCURACY. 


Simpson's new high precision, 
eight digit frequency counters 
give you an eye into the world 
of critical clock signals, RF oscil- 
lators and data communications. 


Readings of frequency (to /.3 
GHz}, frequency ratio (A/B), 
period, time interval (A to B) and 
totalized count combined with 
multi-channel triggering let you 
find circuit problems that might 
otherwise go unnoticed. 


Simpson's Professional Series 
frequency counters allow for 
accurate measurements to be 


Simpson Professional Series 
products are made in USA. 


taken on complex and noisy 

wave-forms by using the variable 
trigger controls and built-in, low 
pass filter. One model even offers 


you selectable attenuation and 


ere 
gages l 


See Us at WESCON Booth 43238-3240 


AC/DC coupling, allowing the 
INputs to accommodate a range 
of signal characteristics. For more 
complex measurement situations 
Involving two interdependent 
frequencies, an external clock can 
be substituted for the internal 
oscillator. This feature enables you 
to investigate a wide spectrum of 
frequencies—from computer cir 
cultry to satellite Communications. 
Try the new lineup of Profes- 
sional Series frequency counters 
from Simpson. It all adds up to 
accuracy and reliability. 
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Simpson Electric Company 853 Dundee Ave., Elgin, Illinois 60120-3090 312/697-2260 FAX: 312/697-2272 


Order KEMET 491 Surface-Mounted Tantelum 
ae with -molded unique termi- 
oir hichs lab aes Son ee eae soldering and 

nations for higher peduction efieny, simple solder * : 

reels in capacitances from 0.10 to 68.0 pF; 6 to 50 


2 
bs 


Sales Offices and | anh 
In U.S.A: (803) 963-6348; 87-0496, 
112; Telex 845-01 1202, 


Design + January 7,1968 494 In Europe: 41-22-3965 
In Asia: 852-372-3121 1; Telex 7860-46162. 


KEMET Electronics Corporation 


For. 
Capacitors 


fast, call 
KEMET 
first! 


RMALLY c 
350 Sores Ultradipare 


680uF 
a = 


A Series 0.4 =. ae io 


Just tell us where in the world you 
want them delivered, and stand back. 
Thousands of capacitors? Millions? 
J-I-T scheduling? Count on it. 

And our caps solve problems. Our 
ceramic oe resist cracking caused by 

roduction heat and shock. Our three- 

eaded tantalums prevent blown cir- 
cuits — because you just can't put ‘em 
in wrong. 

More reasons to call? Huge surface- 
mount selection. More MIL-39003 
qualifications than anyone else has. 

Highest reliability in tantalum, plus 
ceramic and film capacitors. KEMET is 
the choice for your commercial and | 
military capacitor requirements. 
And for fast delivery. Amazingly fast. 


| [DIGELEC PROUDLY PRESENTS || 
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and the whole show is yours 
for only §2795* 
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SIGNETICS NATIONAL MMI AMD Tl CYPRESS 
20, 24, 28 PINIFLS § 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 20, 24 PIN PLDS 
PLS100-179 __ A,B VERSIONS C22V10, 32VX10 | 2388, 22v10 __ B, C VERSIONS 20G10, 22V10 
,B, C, D VERSIONS 2971, 29PL144__ EPLD, PLD 
ICT/GOULD VTi HARRIS ALTERA INTEL | RICOH 
48CV8 16V8, 20V8 20 PIN CMOS HPLS EP300, 310, 320,600 5C031,032,060 = 20 PIN EPLD 
EEPLD EEPLDS 77153 HPL EP900, 1210, 1800 5C090, 121,180 © j 
_ DIP, PLCC EPLD © DIP, PLCC EPLD i 
LOGILINK SOFTPACK FUTURE OVER 200 PRELOAD RS-232C 
FOR PC EASY REPLACEABLE = DEVICES AND PLDS WITHOUT AND | REMOTE 
_ REMOTE CONTROL | PLUG-IN FIRMWARE | TECHNOLOGIES | ADAPTER i TEST VECTORS i CONTROL 
SUPPORTS JEDEC FORMAT ON BOARD ON BOARD SECURITY FUSE 
20TO0 68 PIN SUPPORT _ DEVICE LIBRARY HELP SUPPORT 
PLCC PACKAGES | FUNCTION 


ree 1-800-367-8750 (outside CA) 


“U.S. Domestic Price 


USA: DIGELEC INC.., 22736 Vanowen St., Canoga Park, CA 91307, Tel: 818-887-3755, Fa : 818-887-3693 Call Toll 
EUROPE: DIGELEC AG DORFLISTRASSE 14, CH-8057 ZURICH, SWITZERLAND, TEL 01-312 46 22 L 
see Us at WESCON Booth #s 3265, 3267 CIRCLE NO 295 


|Switch-On with Lite-On 


With design support and high volume manufacturing. Lite-On is ready to help you meet your power needs. For more information, please call or write... 
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Lite-On U.S.A., Inc. Taiwan Liton Electronic Co., Ltd. 
' : Systems Division Attn: Sales Manager 12Th FI., 25, Tunghua South Road, Taipei, Taiwan, R.O.C. 
'@ \' 726 South Hillview Drive, Milpitas, CA. 95035 Tel: 886-2-2226181-8 Telex: 34266 TWLITON 


‘i ; Tel: (408)946-4873 Fax: (408)942-1527 Fax: 886-2-2212780 


minds, and an advanced produc- 


tion technique or two, the Astec le 


high-performance you "| need to 
power your best ideas. 


Plus You Can Keep A 

Low Profile. | 

_ Witha total height ofonly0.4 _ 
inches, Astec’s DC-DC converters 
deliver an impressive 5 watts per 
cubic inch. All witha 400 KHz 
switching frequency. Not to men- 
tion our rugged ceramic hybrid, 
100% surface mount construction, 
high efficiency (typically 80%), and 
a MIBF of over 684,000 hours. And, 
they're easy to mount and fit per- 
fectly in rack systems. 
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Best of all. there’s almost certain 


tobe an Astec DC-DC converter to 
_ fit your exact needs. We make ver- 
sions in single, dual, and triple out- 
_put combinations, which makes | 

them ideal for a wide range of 


uses—especially telecommunica- 


tions, industrial, and distributed 


power applications. 


Sometimes, Bigger Is Better. 


At Astec, our manufacturing 


capability can exceed 4 million 
power supplies per year. That's one 


reason why we ve sold more power 
Supplies than any company any- 
where (15 million at last count). 


Another reason is our efficient pro- 


duction that keeps costs down and 
Quality up. 

Then there's our U.S. headquar- 
ters in the heart of the Silicon Valley, 
where we provide sales, engineer- 
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we'll supply the power—exactly 


ing, and service around the nation. 
So all you supply is the need. And 


what you want. 

To find out more about The Real 
Power, or to locate the distributor 
nearest you, call Astec now: 800- 
7AS-TEC7, ext. 11. Or write: Astec 
USA, 2880 San Tomas Expressway, 
Santa Clara, CA 95051; (408) 


148-1200. 


Because when it comes to DC- 
DC converters, the biggest ideas 
are now available in the smallest 
packages. 


ASTEC 


The Real Power 


: displays 
be Rise the Toshiba ST red os 


Once again Toshiba has made a breakthrough in display quality. Clear and beautiful displays are achieved with the ST LCD. 
The LCD for the new age. And for your eyes. Now, by employing a new operating mode, this module provides excellent readability 
from a viewing angle perpendicular to the LCD panel. This was difficult to achieve with conventional LCDs. The aim was to make our 
LCD easier on the eyes. We succeeded with the ST LCD. Just another improvement in the man-to-machine interface by Toshiba. 


ST LCD Module Specifications 


TLX-1181 640 Xx 400 0.35. x 0.35 


Outline dimensions 
(mm) 


276 X 168 X 12 


Built-in EL module 
TLX-1181-EO 


TLS 


TLX-1181-G3B 640 x 400 0.35 X 0.35 276 X 168 X 12 11113 * 
TLX-561 640 X 200 0.35 X 0.49 275 X 126 X 14 TAL£9 TLX-562-EO 
TLX-1342-G3B 640 x 200 0.35 x 0.49 275 X 126 X 14 1/17/93 * 
TLX-932 640 X 200 0.375 X 0.375 293 X 97.6 X 14 TLE 

TLX-1241 480 X 128 0.48 X 0.48 277 X 86 X 14 1/713 

TLX-1301V 240 X 128 0.70 X 0.70 241 X 125.3 X 12 (T6963C) 

TLX-1013 160 X 128 0.60 X 0.60 129 X 104.5 x 14 (T6963C) TLX-1013-EO 
TLX-711A 240 X 64 0.53 X 0.53 180 X 65 X 12 (T6963C) TLX-711A-EO 
TLX-1021 120 x 64 0.48 X 0.60 85 X 70 X 20 (T6963C) TLX-1021-EO 
TLX-1391 128 X 128 0.43 X 0.43 85 X 100 x 14 (T6963C) TLX-1391-EO 
TLX-341AK 128 X 128 0.45 X 0.45 93.2 X 86.6 X 12 T6963C 


TLX-761 640 X 64 0.38 X 0.42 320 X 47 X 14 T6963C 


(_ ): Built-in controller, *:B-ST, built-in EL module 


In Touch with lomorrow 


TOSHIBA 


Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rd., Deerfield, IL 60015 Tel: 312-945-1500 Western Area Office: 2021 The Alameda, Suite 220, San Jose, CA 95126 
Tel: 408-244-4070 Eastern Area Office: 25 Mall Road, 5th Floor, Burlington, MA 01803 Tel: 617-272-4352 
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_ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


CABINETS, ENCLOSURES 


& POWER SUPPLIES 


For any need, Top Quality 
On-Time, On-Budget 
w Complete line of enclosures 
& power supplies for single & dual 
— 314" & 51%” floppy disk 
— half & full height hard disk 
@ Complete line of power supplies 
to match your needs 
w Reliability of an industry leader 
w All production done in house 


UANTITY & DEALER DISCOUNTS AVAILABLE 


agi a 
JMR About Cus re ra 
difiectronics To Your $P 
543 ees SE Call (800) 635-5555 
srthridge, CA 91324 In CA (818) 993-4801 
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. + Real time 1750A ISA sepiementation 


Another industry first from 


A Sabtech Industries _ 
3910-B Prospect Ave, Yorba Linda, CA 92686 
(714) 524-3299 ~ Fax (714) 524-3290 
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The hantiest scopes 
you've ever used. 


The Tek 1202 with a traditional oscilloscope 
ee doe and 7201 with a calculator-like interface 
are loaded! 
<<. © Compact, lightweight, hand- 
held e 20 MS/s sample rate 

with 50 ns resolution e 
2 MHz single-shot bandwidt th; 
5 MHz for repetitive signals ¢ 
Two channels with independent 
time-bases ¢ Automatic setup, 
digit tal readouts @ Standard bat- 
tery pack and probes e To find 
the Tek distributor in your 
area, Call 


- 1-800-835-9433, Ext 7405 


Tektronix, inc.. Delivery Station 02-048 
PO Box 500. Beaverton OR 97075-9959 


Tektronix 


TO EXCELLENCE 


THH-913-8 
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MULTI-DIGIT 
7-SEGMENT LCDS 


2 3”, 5”, 7” pare 1” » heights 
e 3 viewing modes @ 3 fluid 
types © pinned and unpinned 
versions ® custom manufac- 

turing capabilities (special 
glass shapes available; 
multiplex units; color polarizers) 
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The Best 


Programming Site 
Money Can Buy. 


BYTEK’s 135 GANG and SET (E)EPROM Multipro- 
grammer" with optional Universal Device support 
capabilities, makes obsolescence obsolete. It sup- 
ports more Devices than any other production pro- 
grammer (virtually all (E)EPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program- 
mable Logic Devices, 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega- 
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data I/O* protocol compatibility mean un- 
matched flexibility. 


Prices from $995.00 (U.S.) 


BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 


800-523-1565 


In FL: (407) 994-3520 
FAX: (407) 994-3615 TELEX: 4998369 BYTEK 


BYTEK Corporation, Instruments Systems Division 
508 NorthWest 77th Street 
Boca Raton, FL 33487 


*DATA I/O is aregistered Trademark of DATA I/O Corporation. 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


November 10, 1988 


GP-IB, HP-IB CONTROL FOR YOUR PC, 
PC/AT and IBM PERSONAL SYSTEM/2™ 


@ Control instruments, plotters, and printers. 
@ Supports BASIC,C, FORTRAN and Pascal. 


e Fast and easy to use. Thousands sold. 
@ Software library. Risk free guarantee. 
» Capital Equipment Corp. 
99 South Bedford St. 
Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 
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#7 in 
Software 


e Software driven and e Automatic batch/macro file 
upgradable | support 

e Direct control by IBM PC/ e Virtual memory -- requires 

_ XT/AT/PS2 eliminates time no RAM modules even for 
consuming downloading megabit devices. 


SAILOR-PAL: Universal pin drivers support PALs, GALs, 
- PLDs, EPLDs, PEELs, ECLs, EPROMs, PROMs, FPLAs, 
FPLSs and MICROs. Accepts JEDEC files from CUPL, 
AMAZE, ABEL, etc. $1095 - $1895 


SAILOR-2,-8: 2 and 8- socket set/gang high speed 
EPROM programmers, to Mbit devices. $545/$975 


ADVIN SYSTEMS INC. Sunnyvale, CA 94086 
(408) 984-8600 ¢ FAX (408) 736-2503 


Please call for free demo disk. 
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EOL". CAPACITORS 


ELECTROLYTIC 
= CAPACITOR 


WOALLEAD 
CERAMIC CAPACITOR 


MULTILAYER b 
CAPACITOR - 


- WE SUPPL 
 e CERAMIC DISC > CAPACITORS _ 
_ _* MULTILAYER MONO-CHIP- CAPACITORS 
_ * AXIAL LEAD CERAMIC CAPACITORS _ 
_ * CERAMIC TUBLAR CAPACITORS | 
|. eee TAGE CERAMIC CAPACITORS 


+ ELBETROLYTIC CAPACITORS — 
_* GERAMIC DISC ELEMENTS” 
_* AND THEIR TURN-KEY PLANTS 


DON’ S ENTERPRISE CO., LTD. 

GROUP: TAIWAN YODEN INDUSTRIAL CO., LTD. 
/SUN-INM & E INDUSTRIAL CO., LTD. 

OFFICE: 7TH FL., 7-1 NANKING E. RD.,SEC. 2, 
TAIPEI, TAIWAN, R.O.C. 

TEL: 886-2-522-2929, 542-5151 (4 LINES) 

FAX: 886-2-581-8845 _ TELEX: 28806 DONSECL 

CABLE: “DONSECL” TAIPE! 

FACTORY FACTORY I: 

TEL: 886-3- a78- 0577/8 __ TEL: 886-3- 499-5101/2 
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436 


_ #1 in Speed 


UNIVERSAL MODEM 
1200 BAUD STAND ALONE MODEM 

¢ Accepts RS-232 signals and converts them to the Bell 212 standard 
or accepts the Bell 212 standard signals and converts them to RS-232. 

e Requires a single 5 volt power supply. 

¢ Low 14ma current draw. 

¢ Compact Size - 214” wide, 41/2” long, 34” high. 

e Excellent transient voltage protection. 

e Excellent noise rejection. 

e Originate or Answer. 

¢ Excellent for remote data acquisition. 

e This is not a short haul modem. It will extend your serial port to around 


the world. 
ABOL SYSTEMS, INC. 
13240 Northup Way Suite 21 Bellevue, WA 98005 
(206) 747-8400 
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DC-DC CONVERTERS /5-80 WATTS 


ELEC TRICAL CHARACTERISTICS SPECIAL FEATURES 


# WIDE RANGE OF INPUTS: 8-12V, 19-36V, 36-63V —_ e ENCAPSULATED 
* STANDARD & CUSTOM OUTPUTS: + PLASTIC/METAL CASED 
STANDARD: +5V, +8V, +42V +15V + DUAL/SINGLE OUTPUTS 
CUSTOM: 348V FULLY SCREENED 
+ EFFICIENCY: 78% UP 0 100% PARAMETER TESTED 
+ SWITCHING FREQUENCY: FROM 100KHz © 48 HOURS BURN-IN 
« PROTECTIONS: SHORT CIRCUIT « MTBF 200,000 HOURS 
OVER CURRENT © ONE YEAR WARRANTY 
INPUT REVERSE VOLTAGE « HIGH POWER DENSITY 
« LINE/LOAD REGULATION: 0.5% MAX. « MINI SIZE FOR PCB. MOUNTING 
+ INPUT/OUTPUT ISOLATION: S00VDC MAX «SIZE OPTIONAL (STANDARD SIZE: 
+ RIPPLE & NOISE: UNDER SOMV pn 72x 68x 225mm FOR 25W) 


THE SOURCE YOU CAN REALLY RELY ON! 


CUSTOM DESIGNS ARE MOST WELCOMED 
game =—SOKINGDATRON ELECTRONIC 


KETC; INDUSTRIAL CO., LTD. 
: - 380, PAI-LIN 5TH RD., PEI-TOU, TAIPEI, TAIWAN, R.0.C. 


are TEL: (02) 821-3191~5 | TELEX: 27069 KDATRON 
FAX: 886-2-8212200 
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PL/M TO "C" TRANSLATORS ! 
ONLY $475.00 ! 


@ Available for PL/M86, 80, 51, 96 & 286 
@ Directly converts PL/M programs to "C" 
@ Generates PL/M source listing file 

@ Flags PL/M syntax errors 

@ Outputs "C" target file with comments 

@ Assures logical equivalence 

@ Includes a "C" beautifier 

@ Requires 256K IBM XT/AT or compatible 
@ Runs under popular MS-DOS 2.0 + 

@ Provided on 360K 5 1/4" DSDD disk 

@ includes User’s Guide & warranty 

@ Updates & technical support available 
@$475 each + $5 s/h (foreign + $15 s/h) 
@ (NYS residents must add sales tax) 

@ Check, money order, or COD only 


Micro-Processor Services, Inc. 
92 Stone Hurst Lane 
Dix Hills, New York 11746 USA 
(516) 499 - 4461 
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lg advertise in Product Mart, call Joanne Dorian, 212/463- 6415 


$249, TERMINAL 


Annan 
Pat's | 6 Jaf raf ea 
[Jz] s]..[rs] re] 


Featuring + Standard RS-232 Serial Asynchronous ASCII Communications 
¢ 48 Character LCD Display (2 Lines of 24 Each) 
«24 Key Membrane Keyboard with embossed graphics. 
« Ten key numeric array plus 8 programmable function keys 
¢ Optional RS-422 multidrop protocol mode 
«Keyboard selectable SET-UP features — baud rates, parity, etc. 
+ Size (5.625 W x 6.9”D x 1.75”H), Weight 1.25 Ibs. 
«5 x 7 Dot Matrix font with underline cursor 
« Displays 96 Character ASCII Set (upper and lower case) 
¢ Optional Bar Code Wand (shown) 


COMPUTERTISE, inc. 


302 N. Winchester ¢ Olathe, KS 66062 ¢ 800-255-3739 ¢ TELEX 705337 
ER EET ST RT EZ EYE SE 
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FANTASTIC SIMULATORS 


Superb line of debugger-simulators for 


your PC. Full-function simulation includin 


ALL MODES of interrupts. Built-in dis- 

assembler. Excellent for learning and fo 
development work. Pronounced as better 
than expensive ICE's by our users! © 

Simulators for the 8048/49,8051,8080, 
and 8085 sell for US$I50.00 each, the 
SIM8052 and SIMZ80 price is $200. 00 


CROSS ASSEMBLERS 


We support the 8048/49, 8051/52, | 
8080/85, 8096/97, and Z80 families 

with versions for CP/M and MS-DOS. 

Just US$75.00 each! Special discounts — 
for Simulator + Assembler packages. 


Lear Com Company 
2440 Kipling St. Suite 206 
Lakewood, CO 80215 (303) 232-2226 
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The $595 Solution to 8051 
_ Product Development 


The PDKS1 is a powerful and economical 
choice for the development of 8051-based 

_ Systems. The PDKS51 is used with an IBM-PC or 
equivalent and includes: 


e SIBEC-II 8052 Basic Microcontroller 

e SXA51 Cross Assembler sy 

¢ ROM-Based Monitor/Debugger 

e PROM Programmer 
© Power Supplies 

¢ Documentation, Tutorial and More 

Call Now! (603) 469-3232 
& mw) Binary Technology, Inc. 
P| Main St., P.O. Box 67, Meriden, NH 03770 
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¢ No personality modules; Menu driven device selection. 

e Built-in Eraser/Timer option ($50); Conductive foam pad. 

e Direct technical support; Full 1 year warranty. 

e STAND ALONE duplication & verify (27XXX parts). 

¢ Quick pulse & Intelligent algorithm (27256 under 60 sec). 

e 27xxx to 1 Mbit; 25xxx; 68xxx; CMOS; EEPROMS. 

¢ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55,9761 & more. 

e Offset/split Hex, Binary, Intel & Motorola 8, 16,32 bit. 

e User friendly menu driven driver program included for 
IBM-PC/XT/AT/PS2, APPLE, MACINTOSH or CPM. 
MC/VISA/AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 WEST OLIVE AVE., SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 
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PC485D $95 
[RS 485/422 INTERFACE] 


e Meets the EIA RS-485 standard for multipoint bus trans- 
mission and the ElA RS-422A standard. 

e Can be configured as COMI or COM2. 

e Line terminators are jumper selectable. 

e High speed differential drivers allow fast data transfer over 
long cables (over 4,000 ft). Max. Baud rate 56KB/115KB. 

e Tri-state line drivers permit implementation of LANs. 

e Two wire (half duplex) operation. DB9 or phonejack. 

e Sample communication software available. ($50) 


PC488A $145 
(IEEE-488 INTERFACE] 
e Includes INSTALLABLE DOS DEVICE DRIVERS and soft- 
ware support for BASIC. 


¢ Optional language support for €, PASCAL, FORTRAN and 
ASSEMBLY - $50. 

e Selectable base I/O address, IRQ and DMA. 

e CONTROLLER/ TALKER / LISTENER capability. 

e Customer support via dedicated 24 hours B&C Micro- 
systems BULLETIN BOARD. 

¢ Compatible with most IEEE-488 Software Packages for the 
IBM-PC (e.g. ASYSTANT GPIB, Lotus Measure, etc.). 

e Hardware compatible with N.1.’s GPIB-PCIIA. 


PC488B $345 


[IEEE-488 CARD WITH] 
[BUILT-IN BUS ANALYZER] 


e GPBASIC package complements IBM/ Microsoft BASIC in- 
terpreter and compiler to create a programming environ- 
ment similar to HP desktop computers. 

e Additional libraries of over 20 high level 488 dedicated func- 
tions for C, Pascal or Fortran available ($50) ea.. 

e Powerful menu-driven bus analyzer, which can run in the 
foreground or in the background while 488 programs or 
commands are executed, features program stepping, 
break points and real time bus data capture (4k circular 
buffer). 

e Instant toggling between foreground and Analyzer screen. 

e Dipswitch selectable Base Address, IRQ, DMA. 

e Talker / Listener / Controller capabily. Based on TMS-991. 

e NEC-7210 based version (NI PC11/11A compatible) - $4.45. 


MC /VISA/ AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave., Sunnyvale, CA 94086 
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 
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DatriLINK"™ 
makes the 
STD-Macintosh® 
Connection! 


New, from the Datricon division of STI. Datri- 
LINK enables you to use your Macintosh with STD 
Bus cards for process control and data gathering. 

Three versions of DatriLINK place your Mac® in 
the control loop. Two additional versions allow you to 
develop control code, then remove your Mac from the 
control loop for other uses. All include HyperFlash™ 
software, a powered Datricon STD Bus card cage, 
cables and a processor card. Optional high order 
languages for program development available. 
STI Datricon Division, 31069 Genstar Road, 

M Hayward, CA 94544. 
© Call 1/800/221-7060, 415/471-9717. 
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Download code 


FAST 


Into our EPROM-ulator 


¢ Ultra-fast download times (27256 in 3 secs.) 
¢ Simple to install - easy to use 

¢ Emulates 2764, 27128, or 27256 

¢ Fast 80ns equivalent access time 

¢ Uses printer port on your IBM or compatible 
¢ Bin/Hex/Intel compatible software included 
¢ Other units available (50ns, 16-bit, 27512) 

« $495 


Hanitsu 


Hanitsu USA 

Development Products Division 

20863 Stevens Creek Bivd. #330 

Cupertino, CA 95014 

Phone: (408) 253-9692 FAX:(408) 973-1046 


Add shipping - $10 for USA, $25 for foreign. 


Sek ee eee ee eee 
Me wee ee a es es a ee a 
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Top of The Line In PCB Design 


PROMERAUTOTRG 


This po has a host of new features to assist in the design of a PCB 


whether it is Through-Hole or SMD Technology. Features Interactive 
and Full Auto Routing & Component Placement with Design Rule 
Checking. 

AUTOTRAX offers user definable tracks and pads. A multilayer program 
supporting CGA EGA VGA VEGA Deluxe and Hercules Video drivers. 
Output to plotters, printers, N/C drill and photoplotter. Hardware, IBM 
PC/AT/XT/PS2 or compatibles, 640K RAM. 2 floppy plus hard disk, PC 
or MS-DOS greater than version 2.0. Also supports 4Mb EMS. 


$995 ORDER TOLL FREE (800) 544 4186 
For end-to-end design ask about PROTEL-SCHEMATIC $495 


If you are a licensed user of Tango™-PCB with program copyright of 
Protel, you qualify for one copy of AUTOTRAX at discount price $240. 


Tango™ is the registered Trade mark of Accel Technologies Inc. 


PROTEL TECHNOLOGY INC. 


A Member of CRITEC CORPORATION 
Address: 50 Airport Parkway, San Jose. CA 95170 USA 


Telephone: 408 437 7771 
Facsimile: 408 437 4913 


CIRCLE NO 347 


Telex 510 100 7634 


Mueller 
ELECTRIC COMPANY 
1583 E. 31st St., Cleveland, OH 44114 
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In PC industrial I/O cards the name is . . . 


PC-LabCard 


I/O Cards: Daughter Boards: 

e 12 Bit A/D, D/A, DIO, Counter @ Amplifier/Multiplexer 

e 14 Bit A/D, D/A, DIO, Counter ¢ Opto-Isolated Digital Input 

e Digital 1/{O & Counter card e Relay Output 

e IEEE-488 Interface card e SSR Output and Relay Driver 
e RS-422 Communication card e Wiring Terminal 


e Stepping Motor Control card Sof 
ee oftware Support: 
e Slot Extension Kit PC-LabDAS, ASYSTANT +, 


DADiSP, Labtech NOTEBOOK, 


UnkelScope 


CALL FOR FREE CATALOGS! 
(408) 293-6786 
American Advantech Corp. 
1460 Tully Road, Suite 602 
San Jose, CA 95122 
Fax: (408) 293-4697 
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MICROTRACKER 


ARR ER AAR 


Advantech 
Mant 


The MicroTracker™ can significantly reduce the 

cost of your next real-time product development 

project. Advanced features speed software devel- 

opment and enhance quality assurance. 

FEATURES 

@ 2K or 8K Trace Memory mm RS-232 Interface 

@ Interval Timer m@ IBM PC Software 

@ Performance Analysis ™ Symbolic Disassembly 

& ine uclay Ese eb @ Low Cost from $1295. 
OF LOU, , Send for a Free Brochure 
6802, and 6809 VISA and MC accepted. 


fi 52 W. HENDERSON RD., 
COLUMBUS, OHIO 43214 
Hmee mM ADVANCES (614) 267-4405 
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ANALOG CIRCUIT ‘SIMULATION 


ECA-2 is a complete Electronic Circuit Analysis package with built-in graphics 
and the fastest simulations. 

° AC, DC, Transient © 2-100 times faster than SPICE 
8 Fourier, Temperature © Qver 500 nodes 

e Worst-case, Monte-Carlo Sine, Pulse, PWL, SFFM 

e Full, nonlinear simulator © and Exponential generators 

¢ Interactive or batch ° Money back guarantee 

e ois compatible models 


ECA-2 IBM PC or Macintosh $675 


_EC-Ace, a subset of ECA-2, $145 
Call 313-663-8810 For FREE DEMO disk 


Tatum Labs, Inc. 
1478 Mark Twain Court, mi Arbor, MI 48103 


CIRCLENO 349 
MEMORY CHIPS 
64Kx4 [256Kx4) 
<= 


8087 80287 
-80387-25Mhz 


In the box with manual and warranty | 


718-353-3353 


_CIRCLE NO 752 


WESCON/88 FEATURE PRODUCTS 


-aws SERIES 
25/30W CURRENT MODE CONTROL 
WIDE INPUT VOLTAGE RANGES | 
SINGLE OUTPUT — 
PC-BOARD-MOUNTABLE 
BOOTH #5333 


SER DEV EC gs 
ORY CRAVER TER 


The QWS Series is a broad line of 25/30 watt, high efficiency, high 
performance, single output, pc-board mountable DC/DC converters. By 
using state of the art Current Mode Control & MOSFET technology, all 
models operate at 100KHZ with 80-84% efficiency and virtually indepen- 
dent of load and line variations. A 4:1 input voltage range is specifically 
designed to provide telecommunication, transportation and battery 
operated equipment manufacturing industries with a low cost/high 
performance DC/DC converter. Excellent Field Performance Rate, fast 
transient response and short circuit protection are additional special 
features. 


PRICE: (100) $111.00 *** SPECIAL WESCON PRICE, valid for 45 days 


after the show *** 


EPROM PROGRAMMER 


¢ Programs 
2764 in 8 sec 

e Reads, pro- 
grams, 
copies over 
475 devices 
from 35 

_ mfg’s: 2716- 


2804-28256, etc 

* Optional microcontroller heads support 874x and 87C51 series 

¢ Improved design now programs over twice as fast 

¢ Connects via RS-232 to any computer: PC, XT, AT, PS/2, Mac, etc 


¢ Supports XMODEM/XMODEM CRC protocols & ASCII file xfers _ 


¢ Supports Intel, Motorola, hex-space, straight hex and binary files 
¢ 30-day money-back guarantee —S ® Collates 16 & 32-bit data 
e Engr support team for fast updates ¢ Gold Textool ZIF IC socket 
* One-year warranty (parts and labor) ¢ 8 baud rates to 38,400 

¢ Toll-free technical support - ¢ Same day shipment 

* Thousands of satisfied customers attest to the EP-1’s great value 

* Low price of $349 includes IBM compatible communications pro- 

gram, user’s manual and two free firmware update coupons 


CALL TODAY FOR MORE INFO 1-800-225-2102 


CULL 
BPintckdsvstene 


10681 Haddington #190, Houston, TX 77043 
(713) 461-9430 FAX (713) 461-7413 
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- Motorola DSP 56001. 
DSP + DATA ACQUISITION SYSTEM on ONE BOARD 
(for IBM-PC/XT/AT or SUN 386i Workstation) 
¢ The DSP56001 24-bit processor compute 1024-pt FFT in 3.4 msec. 

¢ Develop at full speed with the Windowed Monitor/Debugger 

° Integrate your PC software using ‘‘C’’-callable board driver library. 
e ‘'C’’ and assembly language source included. 

¢ Quantity discounts for: OEM's, System Integrators + VAR’s. 
56001 System Board (2Ch: 16-bit A/D+D/A, 150 KHzea) $3,495. 


56001 Processor Board (no on-board analog 1/0) $1,995. 
Motorola Assembler/Linker + Simulator == $ 495. 
Motorola DSP56001 ‘‘C’’ Compiler $ 709. 
DSP LINK Peripherals, including: © - 
Multi-channel 12-bit, 250 KHz A/D + D/A $ 845. 
Pro-Audio Board (EAS/EBU, Sony PCM, MIDI) $1,850. 


= — or Dual-Processor CommModule $ 95. 


BN SIGNAL PROCESSING Xs 


USA East: 4-800-323-1842 _InMass. (617) 890-3400 
USA West: 1-800-663-8986 In Canada: (604) 438-7266 


WESCON BOOTH #1170 
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INDUSTRIAL 1/0 CARDS 
Lab, Industrial, and Engineering 1/0 cards for IBM PC/XT/AT | 


A/D converter (16 single-ended or 8 differential input channel, 12 bit resolution, 60.000 
samples/sec, various input range), D/A converter (2D/A channels), Digital 1/0 (16 
input & output channels. TTL compatible level), Counter/Timer (Intel 8254, 16 bit 
— — (Metrabyie S/W compatible, optional'100,000 samples/sec.) 


Other Lab Cards are available. 


12 bit Multi-Lab (Model 712); A/D, D/A, DIO, Counter $295 
14 bit Super-Lab (Model 714); A/D, D/A, DIO, Counter $495 
Prototype Development Card (Model 750); 3290 holes, $70 
built-in basic circuit, independent memory. I/O jumper 

IEEE-488 Interface Card (GPIB) (Model 748) — $395 


On board RAM working space, BASICA & BASIC supported. Powerful 
easy-to use software command set. C & Pascal optional. 
We also have Digital I/O & Counter Card, Relay Actuator & Isolated D/I Card, RS-422 
Card, Stepping Motor Controller Card, XT/AT Slot Extension kits, AMP/MUX Board, 
and more and more. | 


Call us for details an d turn-key application S/W package works with 


Ort 


High Performance Data Acquisition Card (Model 718) 
- emulation of many traditional instruments like digital oscilloscope, X-Y recorder, 
strip chart recorder, datalogger, programmable controller, etc. Functions include: 


Cable Assemblies 
OFTI exceeds in supplying you with the very best in cable 
assemblies. All factory tested, our assemblies are low loss, 
skillfully prepared and available with a wide range of connector 
options. 
Count on OFTI to exceed in solving your fiber optic application 
problem with high performance cable assemblies, connectors 
and termination equipment. 


Pictured above are cables terminated with OFTI singlemode Biconic, 
SMA, NTT PC, STC and multimode Biconic connectors. 


Your Fiber Optic Connection 
Optical Fiber Technologies, Inc. 


5 Fortune Drive Billerica, MA 04824 
Tel.: (617)663-6629 
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PLD PROGRAMMING 


THEY PROMISE. 
WE DELIVER. 


The 60A Logic Programmer delivers: 
@ Support for 350 PLDs 
Mi Additional PLCCs and EPROMs 
@ Manufacturer-approved algorithms 
@ On-going updates and support 


Call today for more information. 
1-800-247-5700 
Ext. 748 


DATA I/O 


Corporation 


| CIRCLE NO 754 
RUGGED 
JOYSTICK/KEYBOARD 
FOR FACTORY FLOOR 


e Noncontacting inductive joystick 
no moving electrical parts 


_@ Sealed keyboard enclosure 
for harsh environments 


CTI 


CTI ELECTRONICS CORP. 


DELIVERY: Stock to 8 weeks ARO above data acquisition cards. (TEL) 408-727-6995 200 Benton Street, Stratford, CT 06497 
INTERNATIONAL POWER DEVICES, INC. (Technical) TEL: 203/386-9779 FAX: 2 = 
195 North eh Street, sell = 02135 SANTA CLARA. CA 95054 NELTER. (Gers ny, us cA) MAC . IS A REGISTERED sat hci aS | 
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5W to 80W DCI/DC Converter 
¢ Compact size, low ripple & noise 
¢ 1/0 isolation, min. 500VDC 


© Single/dual/triple/quad output 

© High Eff. up to 85% 

© Excellent output regulation 

© Over current & short current protection 


Portable Computer Power Supply 

e Compact size 

¢ Universal input from 90-260 VAC continue 

e AC/DC, DC/DC, battery charge, all in one 

¢ Application for LCD/Plasma/EL portable computer 


SPECIAL DESIGN ORDERS ARE WELCOME!! 


KENSMAR INTERNATIONAL ENTERPRISE CO., LTD. 
7Fl-1, No. 160, Sec. 5, Nan-King E. Rd., Taipei, Taiwan, ROC 


Tel: (02)7636651 (REP) P.0.Box 67-822 
Tix: 29805 KENSMAR Fax: 886-2-7678763 
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NETOPT/ NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 
NETSIM analyzes circuits in both time and frequency do- 
mains, performs Monte Carlo, tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. ¢ Produce 
yield estimates and sensitivity analysis of your analog designs 
¢ NETOPT includes all features of NETSIM and adds sophis- 
ticated optimization capabilities e Compensate for circuit/ 
device parasitics, generate non-standard responses and 
center designs for maximum yields. ¢ NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 


RLM Research 
P.0. Box 3630, Boulder, CO 80307-3630 
(303) 499-7566 
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a4 AFFORDABLE 

ER ENGINEERING 
CATALOG 

AND APPLICATIONS GUIDE 


SOFTWARE 


PC/MSDOS — Macintosh — CP/M 


ACNAP — $425.00 | LCFIL — $95.00 
AC Network Analysis, Component LC Filter Design/Anatysis/Synthesis 


Libraries, Macros, AUTO Execute LSP = $95.00 
DCNAP — $95.00 Logic Circuit Design/Simulation 


DC Network Analysis, Component 

Libraries, Macros, AUTO Execute RIGHTWRITER — $95 .00 
Report Proofreader Program. 

SPP — $425.00 | Appiies 3000 Rules of English 


Signal Processing Program 
Macros, AUTO Execute, Windowing PDP — $95.00 


PLOTPRO — $72.95 Scientific Plotting Program 


for Pen Plotters 
Scientific Graph Printing 


TEKCALC — $95.00 
PCPLOT3 — $95.00 Programmable Scientific 


High Resolution Engineering Calculator/Statistics/Curve-fitting 


raphi 
Graphics Package $72.95 
LOCIPRO — 
Root Locus Stability Analysis. 
Multiple, Nested Loops XFER 


ACTFIL —- $95.00 Transfer Function Analysis 


Active Filter Design, Analysis, Synthesis and Circuit Synthesis 


MICRO-3— *425.00 | SPANNER — $95.00 
Design & Analyze Microstrip Circuits, Integrated Word Processor, HP411C 
Filters, Hybirds, Couplers, Transformers Caticulator, and Scientific Graphics 


BY Engineering @@ mam 
Professional Software (74 4) 781-0252 
2023 Chicago Ave., Suite B-13, Riverside, CA 92507 U.S.A., TELEX-3089864 
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COMCALC — 


$95.00 Communications Budget Calculator 


and Spreadsheet Program 


*95.00 


_.TRIAD’S GRAPHICS 
COLOR PALETTE OFFERS 
ENHANCED COLOR CAPABILITY! 


THE 1TR9C1710 IS VGA STANDARD PIN/FUNC- 
TION COMPATIBLE. SUPERIOR PERFOR- 
MANCE: INTEGRATED COLOR LOOK-UP 
TABLE, TRIPLE VIDEO DAC, LOGIC & ANALOG 
INTERFACE ON 1 CHIP REDUCES SYSTEM 
COST. ENHANCED (256) COLORS. UNLIMITED 
ACCESS TO LOOK-UP TABLE. 66 MHZ CLOCK 
RATE. FOR A BETTER SYSTEM SOLUTION, 
CALL 800-288-1874. 


5575 Tech Center Dr., Colorado Springs, CO 80919 
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Display System 


Instant information on problems, machine 
or process status as it happens... or is 
about to happen. In plain English. NEMA 
4X SS bezel. Model W424-1X5D. 


List price only $880.00 


(Also available, NEMA 12 bezei at $690.00) 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue @ Waukegan, IL 60087 © 312-360-3500 ® FAX: 312-360-3566 
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CMOS STD BUS 
SINGLE BOARD COMPUTER 


The LPM-SBC40 is a CMOS STD-BUS Single Board 
Computer that is designed for Industrial applications. 
The LPM-SBC40 uses the NEC V40 microprocessor, 
up to 256K bytes of EPROM, 384K bytes of battery 
backed-up SRAM, real time clock, two RS-232 serial 
channels with RS-422/485, watchdog timer and 
power fail logic, 5,8 and 10 MHz. 


WinSystems 
Box 121361, Arlington, TX 76012 
817/274-7553 
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——— aie 


= rrr 
eA pplied Data Systems, Inc. 


SMART CARD EXTENDER 
EASYON °195° — PC/XT 


$ 00 _ 
A smart card extender for 225 AT 
PC/XT/AT and compatibles 


e Allows card 
insertion and 
extraction with- 
Out power on/ 
off cycles 
Saves time by 
eliminating DOS 
re-boots 
Reduces wear 
and tear on hard 
disk drives 
e Extends host interface for hardware and soft- 
ware development and test 
e A single switch controls the connection of all 
signals to and from the computer bus 
e Patent pending 


DPROM 
RS232 Downloadable PROM 


$175 32K x 8 
$195 64K x 8 


e Eprom emulator for 2716 — 27512 

e Supports 8, 16, or 32 bit wide busses 

e Non-Volatile memory standard 

e Up to 19200 Baud 

e Accepts Intel Hex and Motorola S 
formats 

e 150ns access time standard 


VectorScan 512/640 $97500 
Graphic Controller with RS-232 Interface 


: Pate # ‘ S q 


Frcdes Fooats TFS SRO 


e Interfaces over RS-232 ports 

e Drives CGA, EGA, and Multiscan 
e Resolution of 512x480 to 640x350 
e 4 Bits/Pixel up to 4,096 colors 

e Maintains 4 separate images 

e Internal 512K byte frame buffer 

e PC Version available 


Applied Data Systems can customize 
a product to your specifications. 
30 DAY NO RISK EVALUATION 


APPLIED DATA SYSTEMS 
409A East Preston Street 
Baltimore, MD USA 21202 


For more information call 800-541-2003 
Outside USA (301) 576-0335 
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TIGER POWER SCHEMA II 


Be 40-350W range of switching power supplies Schematic Capture 


Model: BM-2150 
(Mini Tiger) * 


| Lead Year’s main SPSs products are: 
| — PS/2 models — 386 tower models 
| — 286/386-type PC/AT models 

_ | — Mini Tiger’ super compacts 
— Cubic Baby AT models — 


- a1. - PC/XT models = OEM are bade caee 
| ej ae _ te FREE Demo Disk: 1-800-553-9119 
a A) @ Q (Fe) () SCHEMA’s success is the talk of the CAE industry 
cers acess ee pce and thousands of satisfied SCHEMA owners know 


why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 
<i, ‘“\ow, SCHEMA II is available. 
SCHEMA II sells for $495 and sup- 
ports most common IBM PC/XT/ 
AT configurations. Please call today 


for a free SCHEMA II demo disk. 


“— OMATION 


In Texas Call (214) 231-5167 
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z 
| | USA CANADA WG SWEDEN U.S.A. W.G. 
| Contact us today for more information 
| on how Lead Year's Tiger Power make 
: = electronics great! 


_ Lead Year Enterprise Co., Ltd. 
GER 3F, No. 481, Chung Hsiao E., Rd., Sec. 6, 

Taipei, Taiwan, R.O.C. 

TIG ER a ER P.O. BOX 53-352 Taipei Tel: 886-2-7857858 

Tlx: 10862 LEADYEAR Fax: 886-2-7857852 


- PCIXT. PC/AT, Baby AT and PS/2 are trademarks of the International business Macnines Coro 
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CHIP COILS 
DC-DC CONVERTERS 
PULSE TRANSFORMERS 


CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 
rate on the fly, read 

position on the 
fly, and 
much 
more. 


Our Chip Coils is good for your miniaturization & sur- 
face mounting. DC-DC Converters, pulse transformers 
& band pass filters is now complete with excellent func- 
tions. We also supply choke coils, power chokes, 
linearity coils, toroidal coils, pulse transformers, coupl- 
ing transformers, power transformers and others. Send 
for details today.! — 


= “\< OEM and Agent 

cy: = . : «sac Invited 
co mpatible, Fe ’ Inquiries 
ee i oka 


ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627, 
Taoyuan, Taiwan, R.O.C. 

Tel: (03) 4788088, Telex: 32379 ABCEC 

Fax: (03) 4755503 
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P.O. eeegeign Gregorio, CA 94074 
, (E15) 176-3000 Telex: ANNAI35- attn: Cybernetic 


Outperforms 
Workstations 

Increases Speed 

_ by 200 - 600% 

€ Circuit Size 

7) pe nearly Unlimited 


‘Supports 287, 387, 
_ Weitek 1167/3167 


6079 


MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® 2000 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624 
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wee “Automatically makes a Complete SPICE 
use Meng oe ogee included. 


lore’ like a ‘digital pe eae Easy to use with the 
= (nest mga oh be set of waveform operations 
“Please Write or Call 


P.O. Box 6607 (213) 833-0710 
tus: | San Pedro, CA 30 Day Money 
1t | 90734-6607 Back Guarantee 


 . = _GIRCLE NO 773 


STOCK CASES AND ENCLOSURES 
ONE WEEK DELIVERY 
OVER 8,000 STOCK SIZES. Panels offered 
for complete line. Custom modifications in- 
clude panel mounts, routed areas, vents, 
holes, partitions, foam interiors. Ruggedized 
laminated construction for strength & dur- 
ability in all environments. Also custom units 
to exact specifications with quantity discounts. 
Free full line catalog. 
W.A. MILLER, CO., INC. 
POB 337, OQUOSSOC, ME 04964 or 800-227-1415 
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Alot | 
For A Little 


Reach 137,000 
specifiers of electronics 
components, equipment, 
and systems for 
only $780. 
+ 


EDN Product Mart 
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America’s programmer writes 1.2K devices in one programming site. 


STEND-ALONE OR RS-232 OPERATION. The most advanced 
firmware controlled pin driver system available. The UNIWRITER™ 
provides a single site for writing DIP devices up to 40-pins, 
including PLDs, IFLs, FPLAs, PROMs, EPROMs, EEPROMs. 

To update the UNIWRITER™ with the latest technology releases, 
simply replace two firmware EPROMs. 

The friendly menu-driven system leads you every step of 
operation to make data writing simple and exciting. 

Only the UNIWRITER™ technology provides leading edge of 
designers freedom. Call RED SQUARE Company today to join 
hundreds of others designers and become member. 

Free LOGIWRITER™ assembler. Customer advantage available. 


The U.S. Department of Defense has determined that it would be 
detrimental to U.S. national security if UNIWRITER™ technology 
would fall into the hands of East European engineers. 


11770 Warner Ave., Suite 226, Fountain Valley, CA 92708 
Tel 714-751-1373 Fax 714-751-2830 
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QUALITY EL BACKLIGHTING. FAST, AFFORDABLE 
To backlight or not to backlight? With BKL’s EL 
lamps, the answer is simple, inexpensive and 
fast! BKL’s new, extremely thin (.012” to .018”) 
high quality lamps are made from Kard-O-Lite, 
a patented, flexible electroluminescent ma- 
terial that’s easily die-cut to any size, any 
shape. For the fastest turnaround in the in- 
dustry, at a drastically reduced cost, call Dean 
Smith, 215/277-2910. FAX us your specs: 
215/277-2956. 
BONAR KARD-O-LITE™ 
421 Feheley Drive 
King of Prussia, PA 19406 
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Cross-32 
Meta Assembler 


Table based macro cross-assembler using the 
manufacturer’s assembly mnemonics. 


Includes manual and 


-DOS assembler disk 
with tables for all low: : 


Check: US$199.00 - , MC: CN$249.00 


Universal ee 
POB 384, Bedford, NS 
Canada B4A 2X3 
(902) 864-1873 
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=-_ 
Nerialtest 


Serial data analysis on your PC. 
Source and monitor modes; data- 
scope and breakout box; ASCII 
and EBCDIC; trigger processing, 
live data display, adjustable buf- 
fer size. Custom cabling included. 


800 562-8378 


Advanced Computer Consulting, Inc. 
700 Harris Street, Suite 101 
Charlottesville, Virginia 22901 


CIRCLE NO 777 
“YOUR PARTNERS IN POWER”’ 


AC/DC Linear and switching power supplies - 8 to 600 Watts 
e DC/DC Converters - 1 to 100 Watts ¢ Industry Standard — 


Packages ¢ Wide input range e Compact size e Single, dual 
and triple outputs available ¢ Input Voltages 90 to 32 VAC, 180 
to 264 VAC. ¢ Comply with UL, CSA, VDE, TUV specifica- 
tions. ¢ Send for free catalog. 
Total Power International 
418 Bridge Street, Lowell, MA 01850 
508/453/7272, Fax: 508/453/7395 Booth No. 4921 
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system. 
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We offer a wide range of computer connectors and — 
cables. From molding, plastic injection through 
assembly to finished products, all items are 
produced in-house, u using 2 an integrated oe eS 


OUP bE 


Manufacturer & Esporte: 


OU PIIN ENTERPRISE Co., LTD. 
No. 80, Lane 210, Ting Kan St., Sanchung, 
Taipei Hsien, Taiwan. R.O.C. 
Telex: 33429 OUPIIN 

Fax: 886-2-9852561 
Tel: 886-2-9822315-7 


WRITEORCALLFORSAMPLE ———™ 
Low Cost Tempilabel° Temperature Monitor. — 


Tempilabel° “ments 


38.C 43 C 49C.. 546 


8€ 00l-Vr ON 


100 F 110 F 120 F 130 F 
CENTERS TURN BLACK AT RATING SHOWN | 


So Plaintieid NJ USA 


TEMPILABEL* 8MA140/60 : 
60°C 66°C 71°C 17°C 82°C 88°C 93°C 99°c : 


UOO0OUdDG 


140°F 150°F 160°F 170°F 180°F 190°F 200°F 210°F 


How to put alow cost 
temperature gauge — 
on everything. 


Label’s center spot turns black when surface to which 
it is affixed reaches specified temperature. Single- or — 
multi-spot labels with pre-determined increment of 


ratings: 100°F (33°C) to 600°F (316°C). 1% accuracy 


guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 
TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Bivd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 
BS Sa Nea aR Sc OATS 5 OU EN SR ORGS ESTE CP CSSD SCO MAIO Ce Narn ray 
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CAPACITORS 
High Voltage Oil Filled 


Capacitors for all HV applications: 
power supplies, D.C. filtering, energy 
storage & discharge, voltage 
multipliers, coupling, AYR es. exciters § 
and PFN’s. 


ASSET "athe. 
at Lely Sal 


Bra We ad Se 


bt porte eh 
ee 
Lg? 
Peo See 
ae Aiee 
. FS Ok NL RE i 


= 


AMY PR SHS 
womefers se tA Fhe 


+ 
~ 


saa Si 


3 Se3 


Our Engineering Dept. is available for : 2 
: YOUr special requirements. 


mere fa) wee 


B For the latest product information cal r| . 
o or write our Sales Dept. : 


Me Siw: oR eke Cp ERS nr 


The Condenser Products Corporation 
2131 Broad St. Brooksville, FL 34609 
Tel. (904) 796-3561 FAX (904) 799-0221 
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Large Format Plotting 


Cp 
$1695 


A-D — 
$2295 


A-E 
| $2695 


Multiple Media Sizes 
Speed — 10” per Second 
Repeatability .004 
Vacuum Paper Hold Down 


CALL NOW FOR A FREE SAMPLE PLOT 
(415) 490-8380 


ZERICON 


40491 Encyclopedia Circle, Fremont, CA 94538 


CAE/CAD Integrated Software Package 
for IBM PC/XT/AT/PS2 


Weigh Cost Against Performance 

When you balance cost and performance, EE Designer Ill gives 
you more features per dollar than any other electronic design 
software package. You get full-featured PCB layout plus sche- 
matic capture, analog/digital circuit simulation, support for 
EMS memory, 45 degree autorouting, and full postprocessing 
functions. EE Designer packages start at $995. 

30 day money back guarantee. Full purchase price refunded 
if not completely satisfied. Call 1-800-553-1177 today to order 
your package. Bank cards — 


CO TAS * 343 Gibraltar Drive 
, = rs: aggre iS Sunnyvale, CA 94089 
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3000V P-P ISOLATED, 2 AND 3W 
24-PIN DIP COMPATIBLE DC/DC CONVERTERS Fast and Cas 


200 and 300HI SERIES Data Acquisition 


Clica Inc. presents a full feature high resolution monochrome 
solid state camera, size 2” high, 1.5” wide and 3.75” long. 
You can select manual/auto gain, internal/external sync and 
gamma value. Output for optional auto-iris lens. 610x488 
pixels resolution. Standard RS170 video output. Comes with 
lens and power supply. 1-10 unit price $950. 


Clica Inc. 
288 E. Maple, Suite 102 
Birmingham, Michigan 48011 
(313) 423-1137 
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MINIATURE TELEVISION CAMERA. 
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MOUSE-TRAK 
The Stationary Alternative 
For Precision and Comfort! 


This new space saving input device emulates both Microsoft and Mouse Systems 
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 


Menu-ariven software 
package for your PC 


running off your desk. * 3000V P-P Input-to-Output Voltage © 5, 12, 18, 28 or 48VDC Input Ranges JUNIOR - $125 
Heke connection to your computer, no power supply or mouse pad Is Isolation e Single or Dual Regulated Outputs Take, store, retrieve, pr int data - oS for Design 
. : e High Power Densit e Short Circuit P i 
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of = if "% B.A" ae DIP ae see ee ee Engineers 
la hale oer Gs ae allowing the user to toggle the resolution with oe sy ee ey eee pee LEVEL 2+ - $549 
i u e Internal Input Filterin —30° 75° i : 
a 4:1 ratio. User definable input keys offers added versatility and comfort. © Up to {MHz Switching Frequency se oer Data acquisition plus: experiment control, data analysis 
Pricing - $139.00 - $179.00 e Input Polarity Reversal Protection ¢ 100% Burn-In @ Full Load The complete package. 


Prices start from $37.00 (1-9). Delivery is stock to two weeks ARO. 
CONVERSION DEVICES, INC. 
101 Tosca Drive, Stoughton, MA 02072 
Tel: (617) 341-3266 TLX: 920014 


CIRCLE NO 789 


For further information: 
ITAC SYSTEMS, INC. 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 
1-800-533-4822 Fax 214-494-4159 
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FREE Demo Disk. Money-back guarantee | Ar 
Unkel Software mn. | iV = 

62 Bridge St. Lexington, MA02173 _— (617) 861-0181 
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Ea. Sees 
100 MHz Waveform 


Digitizer 


|EEE-488 CONTROLLER 
ror PS$/2 
WITH ASYSTANT" GPIB SOFTWARE | 


ONLY *895°° INCLUDES: 
¢ MXI-1000 IEEE-488 CONTROLLER FOR PS/2 
¢ ASYSTANT™ GPIB SOFTWARE PACKAGE FOR PS/2 
¢ GPIB CABLE 
¢ PC/AT PACKAGE ONLY °795 


STR*8100 


STR*832 


STR*825 


The fastest A/D boards for 
your data acquisition needs. 


@ transient rates of 25, 32, and 100 MHz at 8 bits 
® time equivalent sampling rates up to 800 MHz 
@ bus interface allows 1.5 MHz throughput rates 
™ many trigger modes; 64K memory per channel 
@ XT, AT & 386 compatible; prices from $1750 

@ free drivers and digital oscilloscope software 


® perfect for radar, ultrasound, ATE, robotics ... | QU A TE CH TOLL FREE: 4-800-553-1170 


SONOTEK 478 E. Exchange St. Akron, Ohio 44304. 
* INCORPORATED ’ 
ects erie ote (246)434-3154 TLX: 5101012726 FAX: (216)434-1409 | 


703-440-0222 @ Telex 910-250-5257 @ Fax 703-440-9512 
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LCD WINDOWS CONTROLLER 


The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


Cybernetic Micro Systems Inc. 


P.O. Box 3000 + San Gregorio, CA 94074 * USA 
Phone: (415) 726-3000 ° Telex: 910-350-5842 
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NCEE ESIC. WANE: 


Send for the latest 44-page Relay Engineering Manual from 
Deltrol « Packed with useful information on reliable general 
purpose, magnetic-latching, and time-delay relays + Light, 
medium and heavy duty power loads, including Appliance 
and Industrial-rated units. 


DELTROL 
controls | 


DIVISION OF DELTROL CORP. 
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2745 S. 19th St. 
Milwaukee, WI 53215 
Phone 414/671-6800 

Telex 2-6871 


Z80,000™ AT-BUS SBC (ATZ80K) 
Zilog’s new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance at1o MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
9 RS-232 ports, 24 1/O lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 
Call or write for more information. 
Single Board Solutions, Inc. 

20045 Stevens Creek Blvd., Cupertino, CA 95014 

(408) 253-0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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Take a look at the all new Tango Series II. Our pop-up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over 100 new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series II, just $595. 
Tango-Route Series II autorouter, just $495. Both include one 
year’s updates, free tech support, 30-day money-back guarantee. 


Call today. 
800-433-7801 619-695-2000 
ACCEL Technologies, 7358 Trade Street, San Diego, CA 92121 


SEE US AT WESCON, BOOTH 3754-56 
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LEADER. .......0¢- 

A Better Tomorrow For 
Transformer 

Through Automation 


CONTACT US RIGHT NOW! 


Ad) Gs 


LEADER ELECTRONICS INC. 
No.2, Lane 87, Pao Hsin Rd., 
Hsin Tien, Taipei, Taiwan, R.O.C. 
Cable: :LEADEREL TAIPEI 
Telex: 31372 LEIGROUP 

Fax: 886-2-917-6809 

Tel: 886-2- 911-1910 (Rep) 
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<suure wactseaeeses 


Our Multitasking Industrial Basic runs as fast as BASICA on 
the IBM PC/ATI. It can also handle interrupts, frequency 
inputs, bit manipulation, datalogging and more. The hard- 
ware includes 4 channels of Analog with 12-bit resolution, 
32 digital I/O lines, battery-backed calendar clock, keypad and 
display ports. 2 RS-232C serial ports, 96K RAM, EPROM and 
EEPROM programmers, autorun mode, low power CMOS 
circuitry, 8 MHz Z80 CPU. Only 4.5”x8”. Stand-alone or 
expandable. Low cost optional software turns your IBM PC 
into a program development workstation. FREE CATALOG 
describes other models and accessories. Call 303-426-8540 
for same day response. 


OCTAGON SYSTEMS 6510 W. 91st Ave. 
CORPORATION Westminster, CO 80030 
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smARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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EASY TO LEARN - EASY TO USE 
e Edit and compile while debugging in the IBM, PC/AT/XT 
e Access, display and modify variables with zero speed 
impact on 8096/196 microcontrollers. 
¢ Symbolic debugging with ASM96, PL/M96 & C96 
¢ Multiple hardware breakpoints. 


OD prc. Micro Systems, Inc. 


612 Third St., Annapolis, Maryland 21403 


(301) 296-8096 
CIRCLE NO 799 
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ATTENTION 5» 
PADS—PCB 
USERS 


put your design to a .DXF file, as 
used with AUTOCAD & others. 


: You can now use PADSLINK to out- 4 
The advantages allow auto dimen- 
@ sioning, fab drawings, ECN’s to : 


show cuts, jumps and much more! 
Create board outlines and part 

decals in your 2—D CAD package. : 
Then simply use PADSLINK to 

read your files in PADS. 


27106 46th Ave. S., Kent, WA 98032-7147 / (206) 852-5070 


CIRCLE NO 577 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


EDN November 10, 1988 44: 


 Z80 or HD64180 


With "C" Source Debugging! 


1C-80 In-Circuit Emulator 
* Can be configured for Z80 or HD64180. 
* C source code level debugging with our $495 
"C" compiler. | 
¢ Works with IBM-style PC. | 
| * 64K overlay memory. 
__ * Base price $995. Complete price of $1340 in- 
cluding one probe and symbolic debug soft- 
ware. 
Z-World, 1772 Picasso Ave, Davis, CA 95616 | 
(916) 753-3722 
Fax: (916) 753-5141. | 
In Germany: iSystem 08131/1687 
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EPROM PROGRAMMER 
Model EP-2B-87 with RS-232, MS-DOS or CP/M soft- 
ware. Programs: 2708, 2716, 2716B, TMS2716, 
2732, 2732A, 2732B, 2532, 2532A, 2764, 2764A, 
2fi28. 27128A 27256. 27512, 27513, 2564, 
MCM68764 N-MOS and C-MOS EPROMs; 2816A, 
2864A EEPROMs; 8751H, 38E70 MPU, Intel, 
Motorola, and Tektronix formats. Stand alone copy, 
verify, edit, 17 RS-232 commands. $395 for 8K byte 
buffer. Personality modules $18 to $36. 


Optimal Technology 
Earlysville, VA 22936 
804-973-5482 
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Flow 
Charting II+ 


The New Plus 

for Fast 

= Flowcharting 

= FLOW CHARTING 

= §~=— is new! It’s now 

_ Flow Charting II+, with more speed 
+ more functions + more printing options; 
* 10 text fonts; 26 shapes; * Line mode can stop 
at a shape; * Backspace key can erase a line to 
its origin; * Free text entry anywhere, or select auto- 


centering; * Vertical or horizontal printing; one 
’ chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 

and accurately — even major edits — with 

Flow Charting I+, the Specialist. 

See your retail store or call: 


PATTON & PATTON 


Software Corporation 


1-800-525-0082, Outside California 
408-629-5376, California/International 
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d°ICE-51 is lowest cost Full Speed 8051 
ICE. Hi-level multi-window source code 
debugging. Powerful user interface. No 
Slots! Uses IBM-PC COM1/2. Portable. 
Fits in shirt pocket. $995 


Cybernetic Micro Systems 


Box 3000 e San Gregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 
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Want 
Attention From 
137,000 
Engineerin 
Specifiers? 

4 


WIDEBAND 
INSTRUMENTATION = 
RECORDER/REPRODUCERS 
CATALOG 


Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor- 
age/reproducing systems for military 
and industrial applications are described 
in anew comprehensive catalog. For a 
free copy contact: 


Place your ad in 
EDN Product Mart. 


Precision Echo, Inc. 
3105 Patrick Henry Drive, Santa Clara, CA 95054 
408/988-0516 


“Where unique data recording/storage solutions are expected.” 
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Taiwan Samarium 
Cobalt Magnets 


PMI now offers RARE-EARTH COBALT 
MAGNETS, the SmCo5 and the 
Sm2Co17. In addition to our wide 
selection of high energy products, PMI 
offers perfect performance and the 
most competitive price to meet all your 
requirements. 


PMI CAN HANDLE ALL YOUR OEM REQUIREMENTS. 


————— 
8.0~3.0 94~104 10.2~11.0 | 10.5~11.5 
0.80~0.90 | 0.94~1.04 | 102~1.10 ] 1.05~1.15 
7.8~9.0 5.0~6.5 5.0~6.5 6.0~9.0 
620~720 390 ~520 390 ~520 470~720 
215 25.5 =5:5 275 
21200 2440 2440 2600 
16~19 19~24 22~27 25~31 
151~191 175~215 7 


PAD POWER MAGNET INDUSTRY CO., LTD. 
OFFICE: FACTORY: 


C 
9TH FL., PRINCE BUILDING NO. 18, SHIH WEI ROAD 
NO. 19 CHANG CHUN ROAD HSIN CHU INDUSTRIAL DISTRICT oe eee : 
TAIPEI, TAIWAN, R.O.C. HU KOU, HSIN CHU Peoreeneeress "y Wintek Corp 
TEL: (02) 562-8333 (5 LINES) TAIWAN, R.0.C. \ 4804 South Street: 
FAX: 886-2-542-4829 Se ocieatncaas “Latayette:: IN: 47904 
TLX: 16196 YSFANG Soon neneete smoot: 34 7:742-BA28 
S55 BOO742-6809: 
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See Us at WESCON, Booth 2177 


BM!111 1/2 ITT 63 
KLM 38 3/8 MCA 21_ 


DEECO VF MODULES. 
IF YOU HAVE NEEDS, WE HAVE SOLUTIONS. 


When you need a simple, reliable display module, 
select our VF product line. For more than a decade, DeeCO 
VF modules have demonstrated their performance in a 
wide range of applications. 

Single- and multi-line segmented and dot mainx 
modules meet the needs of text and message applications. 
Full display graphics modules provide clean, clear presen- 
tation of charts and graphs. And the proven durability of our 
XT modules make them ideal for harsh environments and 
many military applications. 

Extended operating temperatures of —45° to +85°C 


let them perform where others can’t. Rugged construction 
withstands harsh vibration and shock environments. And 
their brightness control and wide viewing angle provide 
high readability, in varying light conditions. 

What's more, simple parallel and serial interfaces 
and onboard character sets make designing with DeeCO 
modules easy. VF's low-power consumption ensures long 
life and reliability. 

Call or write today for more information. Find out how 


DeeCO can meet your needs with — 
over 20 VF module solutions. i may 


Digital Electronics Corporation, 31047 Genstar Road, Hayward,CA 94544-7831 (415) 471-4700 


DeeCO is a registered trademark of Digital Electronics Corporation. 
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Stimpson Brings 
The Cost Of ’ 


‘ti, 


Saag 4 C2 


That’s the reason so many designers, 
buyers and production people respon- 
sible for holding down costs while main- 
taining quality have turned to Stimpson 
Fasteners and Fastening Machines. 


Send a sample of your product, assem- 
bled or not. Our Assembly Service experts 
will analyze and assemble it with the 
right size, style and finish eyelet or other 
fastener and recommend the fastening 
machine best suited to your application 

..with substantial savings, just as they’ve 
done for years, for so many others. No 
charge of course. 


Send today for your free copy of our latest 
Designer’s Catalog. 
Illustrating over 1,000 
Standard Fasteners 
and Stampings, 

plus a full line - 
of automatic attaching machines: 


A = 


Co: Inc. 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 


~ CIRCLE NO 78 


| 
Be An 


Author! 


When you write for EDN, you earn 
professional recognition. And you 
earn $75 per published magazine 
page. 


EDN publishes how-to design 
application information that is 
read by more than 137,300 elec- 
tronics engineers and engineering 
managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article 
idea, send your proposal and 
outline to: John Haystead, 275 
Washington Street, Newton, MA 
02158-1630. 


For a FREE EDN Writer’s Guide— 
which includes tips on how to write 
for EDN and other technical pub- 
lications—please circle number 
800 on the Information Retrieval 
Service Card. 


EDN 


First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 
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A lot of companies 
claim complete ,, ' 
VME capability. 4 
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Only 
Radstone aoe 
can deliver itnow. Pe “<i 


Radstone Technology is the only company in the world that 
delivers proven VMEbus board and system level products 
for every application from commercial to full Military Specifi- 
cation...and everything in between. Plus more than 30 

years of solid computer experience — more than anyone in 
the OEM board level computer market. 


a 
= 
* 


MPCC, Ethernet and serial and intelligent 
communications boards 

Static and dynamic memory boards 

ATR boxes accommodating 15, 8 or 5 boards 
Complete software support, including Ada 
BITE Built-In Test Equipment 


Radstone’s commercial VMEbus product line includes: 
16 and 32 bit processor boards, including a complete family 
of 68030-based boards 
Memory boards covering all available capacities and 
technologies, CMOS versions and VME/VSB models 
The world’s fastest and most popular SCSI boards; 
parallel, serial and analog I/O boards; and much more 
Development chassis with peripheral hardware and a wide 
range of advanced operating systems 


All Radstone Mil-Spec VME modules are also offered in elec- 
trically and mechanically compatible reduced environmental 
spec versions to give you low cost hardware for severe — but 
not full military — applications. Even lower cost versions are 
available for off-the-shelf development work. 


All Radstone Mil-Spec VMEbus boards fully comply with 
both VME and Military Specifications. These boards 

are built with MIL-STD-883C class B components and 
meet MIL-E-5400, MIL-E-4158 and MIL-E-16400. They 
feature low power CMOS components and conduction 


Radstone is the only company that produces all its boards in 
military qualified production facilities. And we back up our 
market-matched commercial, ruggedized and Mil-Spec VME 
products with technical support services second to none in 


: the world. 
cooling via an on-board thermal management layer. 
68020-based processor boards A lot of companies claim complete VME capability. 
SCSI and 1553B interface boards Only Radstone can deliver it now. 
- UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 
USA One Blue Hill Plaza, Pearl River, New York 10965, (914) 735-4661 
France ‘Miniparc ; 6 Avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany BahnhofstraBe 38, D-6090 Riisselsheim (0 61 42) 6 80 04 ae 
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Aluminum Elecirolytics 


Surface | 
Mount |Se= 
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CAUTION a | UOSt, 
LOW CEILING 

MAX. HEIGHT 
0.0 mm 


EXPANDED Production 
Seakhe | cavings 
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TEMPERATURE 


All signs point to Nichicon 
surface mount electrolytics. 


In surface mount capacitors, success 
breeds success. 

And with four new. surface mount 
electrolytic capacitor series ready to 
help your products meet their market- 
ing window—on budget, all signs now 
point to Nichicon. 


Save time. Save space. 
Save money. 

Who isn't under pressure these days 
to reduce costs? 

Well now you can, without sacrificing 
performance, when you design your 
new products or replace comparable 
tantalum capacitors with one of our 
new surface mount electrolytics. 


of finding your capacitor choice are 
better than ever. 


FEATURE 


Non-polarized/ — 40°C ~~ + 85°C 
6.3~50V/0.1 ~47 uF 


2,000 hour life/5.5mm max. ht 


4~50V/0.1~220uF 


~55°C~ + 105°C 
4~50V/0.1~100uF 


MX 2,000 hour life/6.3mm max. ht. 
4~50V/0.1 ~220uF 


Of course, each series is carrier-taped 
and reeled and features Nichicon’s 
anti-solvent design. 


More Nichicon advantages. For your free Nichicon Surface Mount 
Your real bottom line though is stil Electrolytic Capacitor data sheet or 
capacitor performance. And with more information, call one of our 
four tantalum equivalent Nichicon ® Customer service representatives at 
surface mount electrolytic capacitor . ' (12) 843-7500. Or, call your local 
series to choose from, your chances The capacitor choice. Nichicon representative or distributor. 


927 E. State Parkway * Schaumburg, IL 60173 « (312) 843-7500 
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YOU CAN SEE HOW 
CLEAR AND BRIGHT THE PICTURE IS. 


WHAT YOU CAN'T SEE IS 
HOW FAST IT RESPONDS. 


F... response time, less than 5 ms, gives Finlux Elec- 
troluminescent displays video capability. In laptop PCs, 
the cursor is visible during all rapid movements or data 
changes. 

As for picture quality, you can see for yourself: it's 
worth a thousand words. Here are just a few: Crisp. 
Stable. Bright. Wide-angle viewing. Finlux EL is easy on 
the eyes, even during a long workday. 


The big little EL display 


The display above is shown as large as life. Just 18 mm 
thin and weighing less than 500 grammes, this Finlux EL 
shows as much text as an 11” CRT: 25 lines of 80 charac- 
ters, or full graphics. Finlux EL displays are available in a 
range of 320x256 to 640x400 pixels. 
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Wherever your customers need compact clarity 


Finlux EL displays are easily interfaced for high-reso- 
lution graphics, word processing, medical and industrial 
applications. The fully solid-state flat EL panel and elec- 
tronics are assembled into a sturdy, compact package 
ready for mounting in even the most demanding envi- 
ronments. 

Lohja Finlux is the only European manufacturer of 
flat panel Electroluminescent displays. 

To see more, get in touch with: 


“4 FINLUX 


LOHJA CORPORATION In the USA: 

FINLUX Display Electronics FINLUX INC. 

Box 46 20395 Pacifica Drive 
SF-02201 ESPOO 20, FINLAND Suite 109 


Telephone (+358-0) 42001 
Telecopy (+358-0) 422143 
Telex 125023 ldis sf 


Cupertino, CA 95014, USA 
Telephone (408) 725-1972 
Telecopy (408) 996-7547 
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The Maxell Super Lithium Battery 
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LITERATURE 


Data sheets describe 
simulators and accelerators 


The vendor offers a set of data 
sheets for its testability tools, logic 
simulator, cosimulator accelerator, 
memory and logic cosimulator accel- 
erators, and timing verifier. The 
data sheets present characteristics, 
specifications, and diagrams of the 
products. The publications are tar- 
geted at large-system designers 
working for higher simulation speed 
and capacity, and high testability 
requirements. 
AIDA, 5155 Old Ironsides Dr, 
Santa Clara, CA 95054. 
Circle No 435 


App note explains 
use of converters 


The 6-pg application note, Circwmt 
Applications of the 2881 and 2S80 
Resolver-to-Digital Converters, ex- 
plores the use of these two mono- 
lithic R/D converters. The note dis- 
cusses interfacing to high-voltage 
synchronizers and resolvers; con- 
necting the converters to a 15V sup- 
ply; using the 2880 as a control 
transformer; and using the convert- 
ers with external pitch or revolu- 
tion counters. Block diagrams and 
circuit diagrams illustrate the text. 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 

02021. 
Circle No 436 
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Information about 
coating-thickness standards 


In these three pages, you can use 
the vendor’s 7-point check list to de- 
termine whether you need recertifi- 
cation and replacement of your 
coating-thickness standards. The 
standards are suitable for testers 
operating on the eddy-current, 
beta-backscatter, and magnetic- 


and the R-Series of remo 
_ Ride the current of ty 


(in Calforsia: or Seite FT or f a 
Group, Inc., 1129 San Antonio Road 


induction principles. The publica- 
tion lists the vendor’s inventory of 
reference standards, which are 
traceable to the National Bureau of 
Standards. The inventory also in- 
cludes certified shims for nonmag- 
netic/nonconductive coatings. 
CMI International, 2301 Arthur 
Ave, Elk Grove Village, IL 60007. 
Circle No 437 
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Catalog addresses users 
of IBM PCs and compatibles 


The 164-pg Industrial Computer 
Source-Book 1989 contains more 
than 500 IBM PC-related products 
used in industrial and educational 
laboratories, factory automation, 
and process measurement and con- 
trol industries. According to the 
vendor, the publication is recog- 


nized in industry as the single 
source for industrial computers, 
data acquisition, industrial control, 
and communications products for 
the IBM PC, PC/XT, and PC/AT. 
The vendor has expanded the prod- 
uct offering to a complete line of 
industrial computers that includes 
the 9500 Industrial Tower Series, 
the 8500 Series of rack-mounted 


Turn Good 
Ideas Into 
Good Articles 


With EDN’s FREE Writer's Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 


writer’s guide and learn how. 


You don't need the skills and experience of a profes- 
sional writer. And you don't need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 


ideas clearly. 


Our new writer's guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 


professional articles. 


Get your FREE copy of 
EDN's writer’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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ladustrial 
Computer 
Source-Book™ 1989 


computers, the 7500 Series of indus- 
trial chassis, the 7500 XC diskless 
computer/expansion chassis, and 
the PC node diskless computer. The 
new 26-pg software section includes 
data acquisition, operating-system, 
languages, CAD, and data-analysis 
packages. 

Industrial Computer Source, 
5466 Complex St, Suite 208, San Di- 
ego, CA 92123. 
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Interface converters 
categorized 


The vendor’s 16-pg catalog de- 
scribes 22 interface converters in an 
attempt to organize the overflow of 
worldwide interface standards, 
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which include RS-422, Current 
Loop, RS-485, V.35, MIL-STD-188, 
MIL-STD-188-114, and EIA-530. 
The publication mentions that these 
converters provide an electrical 
transformation in terms of voltage, 
impedance and timing, and the me- 
chanical hardware connector trans- 
formation. It goes on to say that, 
because RS-282C is the universal 


interface, most of the vendor’s con- 
verters provide conversion from 
some specific interface to RS-232C, 
thus permitting the coupling of two 
converters to achieve a specific 
hardware conversion that may not 

exist as a standard product. 
Telebyte Technology Inc, 270 E 
Pulaski Rd, Greenlawn, NY 11740. 
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REFAC ELECTRONICS DISPLAY 


Many dot matrix arrays with all IC’s on board. EL and LED 
backlight options and wide temperature range available. 
U.S.-based engineering, economic pricing, and distributor 
stocking. 


OPCOA’ LED Lamps & Displays 


Single and bi-color lamps 
are 100% electrical tested 
and designed for more than 
100,000 hours’ service. 
Used in automotive, indus- 
trial, appliance, and military 
applications. Plus a broad 
line of single and multi, 
seven segment and alpha- 
numeric displays for auto- 
motive, industrial, appliance, 
and military markets. 


Pinlite’ Incandescent Displays 


Digital and alpha-numeric 
incandescent displays fre- 
quently specified for civil and 
military aircraft instrumenta- 
tion. They offer long life, fast 
response, low voltage, vib- 
ration resistance, 9,000 
ft.ambert minimum bright- 
ness, 120° viewing angle, 
patented filament arrange- 
ment, and direct compatibil- 
ity with standard TTL driving 
networks and multiplex 


0438 LCD Modules 


Custom fonts up to 32 
segments available in 
standard 0438 LCD 
modules. Complete with 
serial driver, display, 
PCB, connector, and 
bezel. Self-contained, 
compact LCD assem- 
blies with backlighting and wide temperature operation in- 
cluding bar graphs, pictorial annunciators, and indicators. 


One stop shopping for 
custom display assemblies 
of all types, including incan- 
descent, LED, or LCD digits, 
Display Modules, and asso- 
ciated electronics. For con- 
sumer, industrial, and 
military applications. 
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Audio cassette 
introduces RISC course 


The M88000 family audio-cassette 
course, An Introduction to the 
MC88100/MC88200 Reduced In- 
struction Set Computer (MTTAG6), 
provides three tapes, containing ap- 
proximately 4’2 hours of material; 
illustrated course notes; and related 
support literature. The modular- 
formatted course material has 
clearly stated objectives and fea- 
tures exercises and evaluations for 
each module. The package is aimed 
at designers experienced in the use 
of 32-bit micro-, mini-, or main- 
frame processors. $125. 

Motorola Inc, Literature Distri- 
bution Center, Box 20924, Phoenix, 
AZ 85063. 
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Listings survey software 
funded by NASA 


Describing more than 1200 com- 
puter programs, the Cosmic (Com- 
puter Software Management and 
Information Center) catalog offers 
more than 1200 computer pro- 
grams, as well as services such as 
developing exclusive user case his- 
tories and making inquiries of key 
people in NASA. The publication 
includes a NASA update of MIMS, 
the Medical Information Manage- 
ment System developed by the God- 
dard Space Flight Center; Comp- 
Size, an analytical tool that can 
make a preliminary composite 
analysis to verify sizing choices for 
structural members; and Clips 4.2, 
the Johnson Space Center’s expert 
system shell. 

Cosmic, The University of Geor- 
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The Only 
Off-The- 
Shelf, 
Universal 
Input 
Power Supply 
Has Just 
Become 
Reality. 


if D EA a 7 


Ny 
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Introducing VL Series Power 
Supplies. The only standard, 
off-the-shelf, universal input 
power supplies available. And 
only Converter Concepts can 
bring them to you. 


Surface Mount Technology 
Allows Converter Concepts To 


Give You A Unique Advantage. 


The VL Series Power Supplies 
utilize surface mount 
technology. And since we now 
have in-house surface mount 
capabilities, you get the total 
“Made in America” quality 
you've come to expect from 
Converter Concepts, at a 
competitive price. 

Converter Concepts’ unique 
new PC board level, universal 
input power supplies are 
completely interchangeable 
with standard footprints as 
well as standard input/output 
configurations. 


HAT POWER 


The VL Series 

is available in 40, 50 

and 60 watt models with 
either 3 or 4 output configura- 
tions. The outputs are post 
regulated and both voltage 
and current limited. 


Now you can have the 
advantage of universal input in 
addition to the quality and 
reliability afforded by surface 
mount technology. 


Plus, if you require a product 
other than a standard model, 
we have the engineering 
expertise to design and 
produce a power supply that 
meets your exact specifications. 
And that includes universal 
input spec’s for TEMPEST. 


Yes, other power supply 
makers may try to hand you a 
line about their universal input 
expertise. But remember, we 
created and perfected universal 
input technology more than a 
decade ago. That’s your 
guarantee of quality. 


See us at the Wescon Show, Booth #1515, 1517 
CIRCLE NO 305 
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The VL Series Power Supplies 
are the latest innovation from 
the people with ideas—ideas 
that power technology. For 
more information, contact 
Converter Concepts today! 


CONVERTER 
CONCEPTS 


Industrial Parkway 
Pardeeville, WI 53954 
Toll Free: (800) 253-5227 
(608) 429-2144 

TWX: 910-280-2630 
Telefax: (608) 429-9241 


LITERATURE 


gia, 382 E Broad St, Athens, GA 
30602. 
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Brochure describes control 
systems and instruments 

The 40-pg product directory, [n- 
struments & Systems for Process 
Measurement and Control, sums up 


an abundance of products pertain- 
ing to recorders and data acquisi- 
tion; conductivity/resistivity; dis- 
solved oxygen; process control; so- 
dium ion; humidity; gas- and fine- 
particle analysis; process transmit- 
ters; temperature; and instrument 
test and calibration. The publication 
also deals with parts and supplies, 
and total equipment and system 


ACTUAL 
SIZE 


Super high density pc strips on 0.1” or 2.5 mm pin centers. 
Tremendous space savings possible, providing additional 
board space for other components. Modular design permits 
fast assembly to any length. Wago’s exclusive stainless steel 
cage-clamp system gives vibration and corrosion resistant 
connection. Will handle solid or stranded copper wire — 
AWG 28-20 (AWG 18 if not in adjacent positions). Available 
with or without activating lever for fast, easy wire insertion. 


Let Wago demonstrate to you what GIANT performers these 


mini-terminal strips really are! 


9085 N. Deerbrook Trail 
Phone (414) 354-5511 


(®) 


CORPORATION 


Brown Deer, WI 53223 
FAX (414) 354-1268 
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services. Photographs and figures 
illustrate the directory, and a nu- 
merical index and a listing of world- 
wide distributors complete the pub- 
lication. 

Leeds & Northrup, Mail Drop 
246, Sumneytown Pike, North 
Wales, PA 19454. 
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Booklet surveys 
permanent magnets 


The vendor’s 4-color, 16-pg bro- 
chure offers a wide range of perma- 
nent magnets, consisting of two ma- 
jor groups: hard-ferrite magnets 
and rare-earth magnets. The book- 
let presents an overview of many 
applications, such as automotive, 
consumer electronics, industrial, 
telecommunications, and data proc- 
essing. It also reports on quality- 
control procedures, material specifi- 
cations, customer support, and or- 
dering information. The section on 
product specification briefly out- 
lines the variety of magnet shapes 
and sizes. 

Philips Components Div, Box 
523, 5600 AM Eindhoven, The 
Netherlands. 
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Ferroxcube Corp, Kings High- 
way, Saugerties, NY 12477. 
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Digital Storage Scope 
HM 205- 2: 


This truly innovative feature-packed 
scope provides digital storage capability 
with 5MHz max. sampling rate —all at an 
incredibly low and unbeatable price. 


ace -tech” digital storage you can af- 
ford! | 


BOOT MATRIX LIQUID CRYSTAL DISPLAY MODULE] | 
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Stanley high- intensity LED displays are available i inawide variety Stanley dot matrix LCD modules with super bright LED back- 
of colors and types. Depending on your requirements, choose _lighting ensure a bright future for products. Combined with 


from 7-segment and 16-segment types, matrix cepiay=, | bar Stanley LEDs, EL, CFL and lamps, they can be precisely 
modules and line indicators. ‘matched to all kinds of applications. 
STANLEY ELECTRIC CO.,LTD Stanley LED/LCD Agents Overseas @F|NLAND/TELETEKNO OY Tel: 358-0-717566 Telex: 
Electronic Equipment Export Section 122124 Fax: 358-0-7014878 @FRANCE/A. JAHNICHEN & Cl Tel: 33-1-4780-6001 Telex: 
2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 29-0714 Fax: 33-1-4786-1601 @—£R. GERMANY /ELITE ELEKTRONIK UND LICHT GmbH & Co. 
Tel: 81-3-710-2557 Telex: 2466623 SECTOK J Fax: 81-3-792-0007  _—_— KG Tel: 49-8094-18152 Telex: 527353 Fax: 49-8094-18153 @BENELUX/LOHUIS LAMPEN BV. 
1! STANLEY CO.,iINC. (Nether lands) Tel: 31-1606-2651 Telex: 54145 Fax: 31-1606-3175 @SWEDEN/FERTRONIC AB 
CAMEY. 4950 West Dickman Road Battle Creek, Michigan 49015, US.A. Tel: 46-8-734-8200 Telex: 11181 Fax: 46-8-83-2820 @SWITZERLAND/DEWALD AG Tel: 
Tel: 1-616-962-3461 Fax: 1-616-962-3463 41-1-4827711 Telex: 815200 Fax: 41-1-4825323 @UNITED KINGDOM/STC MERCATOR Tel: 
STR eta tice 44-493-844911 Telex: 975441 Fax: 44-493-852443 @CANADA/DESKIN SALES Tel: 
| Sr 33-1-4781-8585 Fax: 33-1-4786-0916 1-416-475-1412 Telex: 06-96-6559 Fax: 1-416-474-9105 @U.S.A /AC. INTERFACE, INC. Tel: 


1-714-472-9524 Telex: 655328 Fax: 1-714-472-9783 @ DENMARK/PLEASE CONTACT DELCO 
A/S Tel: 45-2-277733 Fax: 45-2-277770 
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a 
Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 
per published magazine page. 


See us at our booth No.2800 ~ 2803 in Wescon '88, 
/Hall: 021, Stand: 21D07 in Electronica ‘88. 


EDN publishes how-to design application information that is read by more than 
157,500 electronics engineers and engineering managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article idea, send your proposal and outline to: 
John Haystead, 275 Washington Street, Newton, MA 08158-1630. 


For a FREE EDN Writer’s Guide—which includes tips on how to write for EDN 
and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


ne First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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MULTIPLE 


KEC has been designing and manufactur- 
ing precision power supplies for over 70 
years. Our design engineers are ready to 
work with you to develop the exact 
power supply to meet your specifications. 


What are your needs? Single or multiple 
output? Open frame or modular? 115 or 
220VAC? 25\/ or more? We can do it! 


From the moment you call, our design 
team is on top of your project. From design 
to production, we assure strict adherence 
to your specifications and ensure the qual- 
ity of our product. With over 200 standard 
power supplies, chances are you will find 
the one you need. If not, consider a 


; 
| 


| Lot 


custom-designed power supply from KEC. 
Every KEC power supply is backed by a 
two-year Warranty. 


Pick up your phone and call us toll-free 
today! Discover the multiple possibilities 
and competitive pricing that 70 years of 
custom power supply design experience 
has to offer. 


1-800-255- nee 


CEI LECTRONICS, 
Western Aven 
) sO 


“KEC—BRINGING MORE POWER TO YOU” 


(B®) 
A) 


AAAI 
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We'll help you 
get the work out... 


without the workout. 


If you spend time working with IC 
or Discrete semiconductors, you 
should get to know our DIGESTs. 


Because they can make your work 


go a whole lot easier. 


Quickly compare electrical 
specs, packages, pinouts; find 
alternate sources or replacement 
information; or go directly from 
generic or part numbers to 
technical and manufacturer data. 
All at your fingertips...your own 
personal library at your desk. 


Involved with MIL SPEC or 
Hi-Rel components? Our Hi-Rel/ 
Military Digest can lighten your 
load. Simplified cross-referencing 
and a user-friendly format 
eliminate time-wasting searches 
through QPL’s, MIL-STD 1562, 


DATA. BUSINESS PUBLISHING® 


Selecting or Specifying ICs 
or Discrete Semiconductors? 


DESC drawings and manufacturer 
catalogs. Searches that previously 
took hours can be done in minutes. 

And to keep up with the latest 
technology, the DIGESTs feature 
optional Updates, automatically 
sent to you either quarterly or semi- 
annually. 

We offer the DIGESTs 
separately, discount them in 
quantity, and, of course, all 
DIGESTs carry our 30-day 
moneyback guarantee. We also 
lease our database on magnetic tape. 


To find out more about how the 
DIGESTs can simplify your 
workload, call our toll-free numbers. 


The D.A.T.A. DIGESTs: getting 
out the work doesn’t have to bea 
workout anymore. 


the DIGESTs" 


where semiconductor selection begins 


Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 ¢ 9889 Willow Creek Road e P.O. Box 26875 e San Diego, CA 92126 
See Us at WESCON, Booth #3663 
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CAREER OPPORTUNITIES 


1988 Editorial Calendar and Planning Guide 


Issue Recruitment 


Date Deadline 
Nov. 24 Nov. 3 Microprocessor Technology Directory Graphics, CAE 
Dec. 8 Nov. 16 Product Showcase—Vol. I, Power Sources, Software 
Dec. 22 Dec. 1 


Call today for information: 


Product Showcase—Vol. II, Computers & Peripherals, Test & Measurement 


Editorial Emphasis EDN News 


Closing: Nov. 21 
Mailing: Dec. 15 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Mary Beth West (213) 826-5818 
National: Roberta Renard (201) 228-8602 


Computrol is poised for action. We have a 
reputation for quality in the datacommuni- 
cations industry. We are a division of 
MODCOMP, an AEG company, and posi- 
tioned for a long-term commitment to the 
future. We seek people who thrive on 
concept-through-completion challenges. 
We want to hear your ideas ... they are the 
foundation of our continued growth and 
SUCCESS. 


SOFTWARE ENGINEERING MANAGER 


MSEE/CS, 8+ years software development with proven track 
record in multiple project management. 

Operating systems (UNIX, VMS, MS-DOS), “C”. 

Self-starter with good understanding of hardware and systems 
architecture. 


COMMUNICATIONS SYSTEMS ENGINEER 


BSEE/CS, 4+ years communications system integration and develop- 
ment. 

Broad knowledge of communications protocols (LAN, WAN, 
ISO/OSI) and systems, ability to write specifications and 
applications programs. 


SOFTWARE ENGINEER 


BSEE/CS, 4+ years software development, communications 
protocol and interfaces (ISO/OSI, LANs, WANs). -——-—.— 
Programming micro/mini for real time, oe "if 
“C” and Motorola 68000/ 68020. Hg 
Operating Systems (UNIX, VMS, MS- 

DOS). 


HARDWARE DESIGN ENGINEERS —— 


BSEE 

Digital Logic Circuit Design, ASICS, MOS, CMOS, ECL, TTL, 
PLD’s. 

Motorola Micros (68000/20), Intel Micros. 


“Yy BLACKS DECKER 


IDEAS AT WORK 
ELECTRONICS ENGINEERING OPPORTUNITY 


BLACK & DECKER (U.S.) INC. 
U.S. POWER TOOLS GROUP, TOWSON, MD 


We are an innovative, creative and high energy Develop- 
ment Engineering Group designing electronic, analog and 
microprocessor controls for consumer and professional 
Power Tools. With our computerized NiCd battery chargers, 
we are on the leading edge of cordless charger technology. 


We are seeking an Electronics Engineer with a BSEE and 
3+ years experience in product engineering design and 
development with knowledge of both analog and digital cir- 
cuit design and power switching. We also prefer candidates 
with knowledge of electronic packaging (particularly sur- 
face mount) as well as CADAM experience. This engineer 
will work on the development of electronic designs for our 
power tools, working closely with manufacturing, marketing, 
quality and purchasing to execute projects. In addition, this 
engineer will be responsible for keeping up-to-date on all 
technologies affecting assigned product areas. 


Interested and qualified candidates should send resume, 
salary history and daytime phone number to: Lynn Gardner- 
Shaw, Executive Recruiter, F-O-R-l-U-N-E Personnel Con- 
sultants, 200 East Main Street, PO. Box 267, Purcellville, VA 
22132. (703) 338-2380. 

An Equal Opportunity Employer M/F 


You owe it to yourself to make a move that offers the rewards you 
would expect to find, plus something you won't find very often. 
Apply today to: K.L. Hunziker, Personnel Manager, 
COMPUTROL, 239 Ethan Allen Highway, Ridgefield, CT 


~ COMPUTROL 


Division of Modcomp 
An AEG Company 
An Equal Opportunity Employer M/F/H/V 


First in Readership Among Design 
Engineers and Engineering 
Managers in Electronics 
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Engineering Professionals 


Cross the engineering — 
frontier...into space. 


The Company At GE Astro-Space, were crossing the frontiers of space. . .offering Engineers the kind of 


rare opportunities that few are destined to realize. 


With over one hundred and fifty satellites currently circling the globe—and long-term projects 
such as the Mars Observer, Space Station and Landsat—we are strengthening our position 
as a world leader in the design and manufacture of satellites for government and 
commercial use. 


Experi enced If you're the self-motivated Engineer we're seeking, you're invited to join us in fulfilling an 
: array of project requirements. . . paving the way for a new generation of emerging space 
Engineer S. technology. Our mission requires the technical proficiency —and vision—of degreed 
a : es professionals with a minimum of 3 years experience in one or more of the 
with a Vision Pallsine: : 


=» Comm Systems MW/RF Design 

= HV Power Supply Design 

= Spacecraft Power Systems 

® Software Design-FIt/Grd Support 
=» Propulsion Systems 

# Antenna Mechanical Design 

e TT & C/C& DH 


= Launch Vehicle Integration 


The Our East Windsor, New Jersey location offers all the advantages of nearby Princeton— 
‘ within easy access to New York City and Philadelphia. Additionally, selected positions are 
Environment open in historic Valley Forge, Pennsylvania. In either location, you'll experience a lifestyle 
that complements your career, providing ample room for both personal and professional 
growth. 
The Rewards As the largest employer of engineers and scientists in the world, GE can provide 


competitive salaries and exceptional benefits including tuition refund and continuing 
education programs— providing constant training in new technologies and systems. . . 
so your expertise is always current and expanding. 


The Time We're a company anxious to meet Engineers who want to cross the engineering frontier. 
Rush your resume, in confidence to: Employee Relations, Dept. EDNM/11-10, 
Is Now GE Astro-Space, P.O. Box 800, Princeton, New Jersey 08543-0800. 


GE Aerospace 
Astro-Space 


Equal Opportunity Employer 
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Color is changing the way everyone does busi- 
ness. It could also change your career. In a big way. 

Last year, sales of color monitors beat mono- 
chrome for the first time. The same will happen to 
computer printers. Within the next few years, people 
will be able to buy desktop hardcopy devices that 
deliver high-quality, four-color printing at one-tenth 
the cost of present color hardware. 

From Dataproducts. 

We've been the most important name in 
computer printers for 26 years, and weve developed 
some of the most advanced technology in the 


industry, including thermal, laser, and an extraordi- 
nary new solid ink process that will change the way 
business sees itself from now on. In color. 

No one else has this. Just us. 

Think what this is likely to do for our future. 

And for yours. This is one revolution you dont 
want to miss. 


Pd Dataproducts. 


Put some color in your work. 


Right now, we're looking for creative, experienced Product Development Engineers for the following positions: 
In software: Hardware/Software Systems Integration; Controller Systems Engineers; 
Sr. Firmware/IBM Interface Engineers; Sr. Software Development Engineers; Controller Firmware Design Engineers. 
In electrical: Manager Product Development —Impact Printers; Digital Hardware Engineers; 
Analog Design Engineers; Test Engineers; Electrical Technicians. 
In mechanical: Staff Designers; Sr. Mechanical Designers; 
Mechanical Engineers — Printer/Peripheral Industry; Mechanical Technicians. 
Send your resume to: Dataproducts Corporation, Human Resources, Dept. JH/EDN/ 11-10, 
6200 Canoga Ave., P.O. Box 746, Woodland Hills, CA 91365-0746. Equal Opportunity Employer M/F/H. 


Join The American Team 


At Micron, we’re committed to making 
American-made memory products the 
standard of the industry, and as part of our 
team, you'll work on the leading edge of 
sub-micron, multi-megabit technology. 
Located in the beautiful foothills of Boise, 
Idaho, Micron offers a state-of-the-art 
environment — both on and off the job — 
and a quality of life, and diversity of 
recreational opportunities, that equals the 
quality of our products. Make a memorable 
career move and choose Micron — the team 
that makes great American memories. 


Engineering Opportunities 


* Device Physics 
¢ ThinFilms _ 
¢ Implant — : 
_« Analytical Chemist : 
_* E-Beam and Optical Lithography 


_. Field ee 
. Test 7 


- Product _ 
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Research & Development Projects 
Planar Sub-Micron Contacts/Vias 
Sub-Micron CMOS Transistors 

Reliable Metal Interconnect 

Source, Drain and Poly Self-Aligned Silicide 


Local Interconnection 

E-Beam Direct Exposure Systems 
Aggressive N+/P+ Space 

High Pressure Oxidation 

Rapid Thermal Processing 
Multi-Level Metalization 
Ultra-Clean Technology 
Advanced Metrology 

Hi-Energy Implantation 
Ultra-Thin Dielectric Technology 
3D Technology 

Zero SER Technology 

Facility Automation 


Production 


e 


7 Mem a. 


CMOS DRAMS (256K, 1M, 4M, 16M) 
Fast SRAMS (16K, 64K, 256K, 1M) 
High Density Video RAMS (256K, 1M) 
Customer Supplied High Density es fo 
use in Rel ete oe 
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A career at Compaq 
offers the opportunity 
to do what's never 
been done before. 


To seek new ideas within a confined space 
is seldom rewarding. Real discoveries are 
made by those who break from the norm, 
who explore new channels and change the 
rules. 

At Compaq, we understand that free and 
creative thought needs to move outside 
established lines. Because it's that kind of 
thinking that's made us the world's leader in 
80386-based PCs for business. 

Our engineers are individual achievers, 
creatively inspired by the freedom of our 
unique corporate environment. At the same 
time, they're team players. Their can-do 
spirit and drive for excellence helps Compaq 
develop and introduce superior new prod- 
ucts, while other manufacturers are still at 
the drawing board. 

If you're this kind of innovative engineer, 
why not explore a career where your ideas 
are sure to be heard? Compaq has a variety 
of immediate opportunities for engineers 
at our Houston world headquarters. 


Microprocessor Logic and ASIC 
Design Engineers 

Challenge your expertise in logic design 
and/or microprocessor system design using 
flow charts and timing diagrams for digital 
design and detailed design analysis. Your 
experience should include vendor libraries, 
test vector generation, simulation checkout 
and TTL emulators for gate array standard 
cell design. Familiarity with CAE systems 
used in logic design, test vector generation, 
simulation checkout and documentation 
is also necessary. You must have five years’ 
related experience plus a BSEE or equivalent 
degree. An MSEE degree is preferred. 


Electrical Design Engineers 
Responsibilities include development and 
evaluation of new mass storage products, 
principally flexible drives. You'll perform 
specification, design review, test, failure 
analysis and product support functions. In 
addition, you'll monitor as required, the 
start-up phase of vendors production line 


to assure process controls, test capabilities, 
etc. Your BSEE should be complemented 
with five to seven years’ experience. 


Electrical R&D Engineers 

Develop and evaluate new mass storage 
products, principally Winchester drives. 
Strong knowledge of all phases of Win- 
chester disk drives design, especially Inter- 
face, Read/Write, Servo. Familiarity with 
MS-DOS, Assembly and ''C;' along with a 


BSEE and five years’ experience are required. 


Systems Architects 

You'll design new products by investigating 
and evaluating system compatibility and 
performance of design alternatives and new 
technologies. You'll develop hardware com- 


patibility tests and performance analysis tools. 


Quality with a BSEE, MSEE preferred, and 
three years’ hardware background with a 
knowledge of microprocessor-based systems 
software. In addition, experience with 
CPUs/Memory/Bus architecture, numeric 
co-processors, file subsystems, network 
communications, graphic subsystems and 
state machines is required. 


Systems Software Engineers 


You'll evaluate, design and develop firm- 
ware, operating systems, device drivers and 
utility software for PC systems. Along with 
your BSEE/BSCS, you'll need four years’ 
related experience in PC software develop- 


through ideas. 


ment, 8086/286/386 Assembly/’'C"' language 
programming in MS-DOS, OS/2 and/or UNIX/ 
XENIX operating system environments. 


CAE System Engineers 

You'll bring on-line new design methodolo- 
gies, develop and execute benchmarks and 
install new software/hardware. Your experi- 
ence should include simulation accelerators, 
fault grading and scan technology, modelling 
techniques, and mainframe and/or super 
minis. Exposure to ASIC and/or UNIX envi- 
ronments is desirable. You'll need a BSCS or 
BSEE, MSCS or MSEE preferred, and five 
years’ CAE development experience. 


Software Engineers - Audit/Test 

Put your design and development talents 
to the test improving structural software. 
You'll help increase the reliability of per- 
sonal computer systems and operating sys- 
tems software. Five years’ software quality 
assurance or test development experience 
should complement your BSEE/BSCS. Ex- 
perience in ''C’' and 8086/286/386 Assembly 
language is essential. 


Packaging Engineers 

As a Compaq Packaging Engineer, you'll 
help improve the quality of Compaq prod- 
ucts. You'll need a BS in Packaging Engi- 
neering or equivalent degree, plus three to 
ten years’ experience in a computer or elec- 
tronic component manufacturing environ- 
ment. Your expertise should include shock 
and vibration testing as well as evaluation of 
packaging cushioning materials. Interna- 
tional packaging and project management 
experience is desirable. 3 


Now's your chance to reach beyond 
the limits. 

There's nothing to stop you here. Compaq 
offers competitive salaries, comprehensive 
benefits and an environment that inspires 
freedom, innovation and personal satisfac- 
tion. We have a variety of ongoing opportu- 
nities for select professionals. If you're 
interested in one of the above positions, or 
any other, please give us a call at 1-800- 
243-9003. Or simply submit your resume 
and the position for which you wish to be 
considered to: Compaq Computer Corpora- 
tion, Dept. EDN1110/MW, P.O. Box 692000, 
Houston, Texas 77269-2000. 


©1988 Compaq Computer Corporatation. 
All rights reserved. 
Compag is an affirmative action employer, m/f/h/v. 
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WE INVITE YOU TO PERFORM 
IN THE COMPANY OF IDEAS 


While you're in Anaheim, attending WESCON, you 
may notice one local site that stands above the rest. 
It's Interstate Electronics Corporation. As the 
recognized leader in Global Positioning System 
(GPS) technology, Interstate Electronics can offer 
you the opportunity to become an integral part of a 
wealth of dynamic projects. 


We're the only company with experience both as a 
developer and user of GPS-based tracking systems. 
We've produced total GPS solutions for a wide 
range of military needs, from the Navy's Trident Pro- 
gram to the Strategic Defense Initiative (SDI). 


To continue this leadership, we are seeking excep- 
tional individuals with proven hardware or software 
experience. Current openings include: 

L] Hardware Unit Sustaining/Integration Engineer 


L] Hardware Project Engineer 


_] Hardware/Software System Engineer 


LJ Sr. RF Circuit Design Engineer 
|] Systems Analyst 
(| Artificial Intelligence Engineer 


[| System & Unit Design Engineer 


The projects we work on are the kind you would ex- 
pect to find at an industry giant. But unlike a large 
company, you'll be involved throughout the pro- 
gram, not just on one component. 


To find out how you may fit into our exciting future, 
please call us anytime at (714) 758-5000, ext. 500. 
We'll be happy to set up an interview with you at 
your convenience. If you didn’t attend WESCON 
and are unable to visit us, please send your resume 
to: Personnel Dept. W, Interstate Electronics, 708 E. 
Vermont Ave., Anaheim, CA 92803. We are an 
equal opportunity employer. U.S. citizenship may be 
required. 


INTERSTATE 
ELECTRONICS 
CORPORATION 


A Figgie International Company Ea 
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Engineers/ 
Architects 


Only one computer company can 
offer you so much opportunity. 


As a $5.6-billion computer industry leader, NCR’s key 
to exciting success has been our ongoing and innovative 
new product releases. We now have one of the broadest 
lines of PC’s in the industry. Let our momentum and 
achievement enhance your professional career. We 
offer challenging opportunities to qualified individuals 
committed to top performance in the following roles: 


Hardware Design Engineer 

Will design and develop microprocessor-based com- 
puter electronics. Requires a BSEE or equivalent plus 
minimum of 3 years’ design experience with TTL and 
microprocessors. Hands-on knowledge of CAD/CAE 
equipment desirable. 


ASIC Design Engineer 

Will design and develop application specific ICs from 
specification through product release. Requires BSEE 
or equivalent plus minimum of 3 years’ experience in 
IC design. 


Systems Software Engineer 

Will design, develop and evaluate firmware, operating 
systems, device drivers and utility software. Requires 
BSEE/CS plus minimum of 3 years’ related experience 
in PC software development, 8086/286/386 Assembly 
and ‘C’ language programming. 


Systems Architects 

Will design new PC system architectures, as well as de- 
velop hardware compatibility tests and performance 
analysis tools for benchmarking of design alternatives. 
Requires BSEE plus 3 years’ hardware experience with 
strong knowledge of microprocessor-based systems 
software. Experience with CPUs/Memory/Bus architec- 
ture, numeric co-processors, file and graphic sub- 
systems, and network communications is essential. 


Product Process/ Reliability Engineer 
Will plan design evaluation tests and perform failure 
analysis, reliability tests and risk analyses related to de- 
velopment process for new PC products. Requires 
BSEE or related discipline, knowledge of IC related 
electronics technologies and experience in semiconduc- 
tor design and manufacturing. ASQC/CRE/CQE certi- 
fication preferred. 


Our division is located near Clemson University in the 
beautiful foothills of the Blue Ridge Mountains in 
South Carolina. To find out more, send your resume 
and salary history to: 


Manager, Personnel Resources, Dept. 82J 
NCR Corporation, Personal Computer Division 
1150 Anderson Drive 

Liberty, SC 29657 


NCR...people working together to create value. 
An equal opportunity employer. 


ELECTRONICS DESIGN 
MANAGER 


55 year old leader in HOME CARE/REHABILITA- 
TION MEDICAL EQUIPMENT INDUSTRY, known 
for PRODUCT QUALITY and EMPLOYEE/CUS- 
TOMER PARTNERSHIP has immediate opening 
at our modern 500,000 sq. ft. manufacturing facility 
in coastal Ventura County, California, mid-way 
between Los Angeles and Santa Barbara. 


Qualified candidates will have a BSEE or 
equivalent education, plus a minimum of 7 years 
experience in ELECTRONIC PRODUCT DESIGN 
with a record of successful design completions 
and/or PRODUCT INTRODUCTIONS. Should 
have thorough knowledge of DIGITAL & POWER 
ELECTRONICS, PWM MOTOR CONTROL, 
(familiarity with MOSFET a plus) and be a CRE- 
ATIVE, MOTIVATED INDIVIDUAL WITH LEADERSHIP 
ABILITY. 


Everest & Jennings offers a team-oriented, professional 
R & D atmosphere and an excellent benefits package which 
includes medical, dental & vision care, profit sharing, etc. 
For immediate confidential consideration, send your resume 
or call: Bill Hodson, EVEREST & JENNINGS, Dept. M, 
3233 E. Mission Oaks Blvd., Camarillo, CA 93010, (805) 
987-6911. WHEELCHAIR USERS ARE ENCOURAGED 
TO APPLY. EQUAL OPPORTUNITY EMPLOYER M/F/H/V. 


Everest & Jennings 


Challenge _. 
Pex ONHORtUNItY 


EERE, DELETE LTD TELE A TD SI SY AAT EE ESI SOMITE EY RIESE TSE ATES TES 
Positions encompass the design, debug and analysis of disk drives and elec- 
tronic drive sub-systems for 5%” Rigid Disk Drives. 


e BSEE, US. citizen or permanent resident 


FIRMWARE ENGINEER - Fef. #6417-1400L 


Design, code, debug realtime Intel Microprocessor Firmware. 


e Assembly language e SCSI 
e Disk Controller 


ELECTRICAL ENGINEER - Ref. #8800L 


Servo Engineer will define and develop PLLs, AGCs actuator servo loops. 


e Analog, Digital and Modern Control Theory 
ELECTRICAL ENGINEER - Fef. #83001 


psi i direct, analyze tests associated with magnetic recording heads and 
media. 


e Winchester Head Technology ¢ MR and MIG Heads 


e Thin Film Heads and Media 


ELECTRICAL ENGINEER - Fer. #69001 


Develop new concept, perform theoretical analysis, implement design and carry 
through into high volume production. 


e Analog Circuit ¢ Small Signal Analysis 
¢ Active/Passive Filter Design ¢ Signal Conditioning 
e PLL/PLO ¢ Communication Theory 


Challenging career opportunities exist at our Oklahoma City facility. Become 
part of a world class manufacturing operation dedicated to providing the best 
5%” Rigid Disk Drives world wide, send your resume and salary requirements 
to: IMPRIMIS (Control Data Corporation), P.O. Box 12313, Oklahoma City, 
OK 73157, Attn: Professional Staffing. 


IMPRIMIS 
(SP) CONTROL DATA 


Affirmative Action Employer 
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Adventure & Discovery 


in Aerospace & Defense 


Engineering breakthrough. It’s a process of exploration, of inspiration, and, final- 
ly, of triumph. It takes the right combination of technology and people. Andit’s a 
way Of life at Smiths Industries, SLI Avionic Systems Corporation. 


We are one of the world’s premier manufacturers of aircraft instruments, 
guidance and navigation systems and flight data recorders for commercial and 
military applications. Buildingona40+ year history of leadership, we are today 
involved in state-of-the-art technologies including flight management systems, 
attitude heading reference systems technology (AHRS), and Fiber Optic Gyro. 


Join us at our Grand Rapids Operaiion in one of the following challenges: 


Materials Engineering 


Section Manager | 


Requires 7+ years experience, to include some at the supervisory level. Materi- 
als engineering experience in an aerospace instrument or electronic systems en- 
vironment is preferred, with knowledge of printed wiring board fabrication and 
assembly, metal finishing, heat treatment and general metallurgy. BS in Metal- 
lurgy, Chemistry or Materials Science expected. 
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Structural Engineer 


You will participate in on-site installation of aircraft modifications; some travel in- 
volved. Requires 10+ years structural design experience on military aircraft, in- 
cluding onboard cockpit design and layout. Must know MIL-STD-100 and 
M'L-D-1000 drawing formats and, preferably, aerodynamic/flutter and diver- 
gence analysis. Familiarity with stress and fatigue analysis, and fabrication of 
sheet metal assemblies also necessary. BSME or equivalent required. 


Quality Engineer 


Requires quality-oriented experience in hybrid microelectronic manufacturing, 
with knowledge of applicable MIL-Specs and Standards. 


Senior Engineer/ 
Project Manager 


Requires a minimum of 6 years experience in project management and use of 
tools (Pert, Gantt, etc.) You must be familiar with advanced airborne hardware. 
BSEE or equivalent. 


Marketing Manager 


You must have experience in either marketing flight data recorders, inertial refer- 
ence systems or flight management systems. 


CM/DM Supervisor 


Requires significant experience in data management and hardware/software 
configuration, as well as MiL-specs familiarity. Supervisory experience is a must; 
degree preferred. 
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Senior Manufacturing Engineer 


You should have at least 5 years experience with guided wave optics and IC 
processing, OR in control theory with knowledge of light propagation in single 
mode wave guides. 


eS 


Senior Data Systems Engineer 


Qualifications include a minimum of 5 years experience in military avionics sys- 
tem design, with strong hardware and software experience. You must be familiar 
with MIL-490 and MIL-2167 system requirements documentation; background 
in structural analysis is preferred, as is the ability to formulate interface control 
documents, white papers, proposals, etc. BSEE or equivalent. 


Mechanical Engineer 


Your challenges will demand at least 6 years experience in the design, develop- 
ment and testing of dynamically tuned gyros, with an orientation toward project 
responsibility. BSME required. 


Guided Wave Optics Engineer 


Senior position responsible for augmenting optical rate sensor development for 
a passive Fiber Optic Gyro. Requires solid hands-on development experience 
in single-mode guided wave optics. Proven leadership, communication, or- 
ganizational and analytical abilities are a must. MSEE or MS Physics with applied 
electro-optic orientation required; PhD preferred. 


Manufacturing Engineers 


Engineering background, strong electromechanical skills and/or process ex- 
perience required for challenges in a number of areas. 


Smiths Industries offers a salary and benefits package you’d expect from a lead- 
er. We will provide relocation assistance to our attractive community in western 
Michigan, which offers a below-average cost-of-living and proximity to endless 
recreational activities. For consideration forward your resume and salary histo- 
ry, indicating the position in which you are interested, to: 


Judy Percy 
Manager of Technical & Professional Staffing 


SMITHS INDUSTRIES 


SLI Avionic Systems Corporation 
Grand Rapids Operation 

4141 Eastern Ave., SE 

Grand Rapids, MI 49518-8727 


Equal Opportunity/Affirmative Action Empioyer 
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HAVING THE BEST TECHNOLOGY 
ISONLY HALF THE BATTLE. 


The Trojan Horse was a very progressive 
technological idea for its day — but what 
was it without those ingenious and deter- 
mined soldiers inside? Nothing but an 
oversized wooden horse on wheels. 

At Litton Data Systems we understand 
that it’s the people behind technologies 
that make them work. And the people in- 
side a company that make things happen. 

Over twenty-five years of excellence in 
the design and manufacture of vital 
military C* systems mark our commitment 
to an entrepreneurial atmosphere that en- 
courages our professionals to do what’s 
necessary to conquer today’s technologies. 

If you’re interested in joining a company 
with a classically simple strategy for suc- 
cess, consider one of the following 
positions: 


SOFTWARE/FIRMWARE 


ENGINEERS 


e Requires a Sr. Software Engineer with 
experience on large military command 
and control systems. A background in 
CMS2 language and experience with 
communication data links such as 
TADIL-A, TADIL-B, TADIL-J, LINK-1 
and ATDL-1! are highly desirable. Re- 


Litton 


quires 5-10 years’ experience in Assembly 
language programming for military 
systems and a minimum of 5 years’ ex- 
perience in digital signal processing 
applications. 


Will be responsible for programming 
state-of-the-art digital and voice com- 
munication systems. Requires experience 
in the programming of the ZILOG Z80, 
INTEL 8748 and TI TMS 32020 
microprocessors. 3-5 years’ experience in 
the development of communication 
firm-ware and a solid understanding of 
hardware design is necessary. 


Above positions require a BS in Com- 
puter Science or Engineering. 


e Will be responsible for contributing to 
the design and modeling of new 
algorithms. Requires an MS/PhD in 
Computer Science or Engineering and a 
minimum of 15 years’ experience apply- 
ing signal processing theory in the 
development of tracking systems. 


e Will implement firmware for high speed 
digital database and impeded computer 
peripherals. Requires a BS in Computer 
Science, EE or Math and 3-5 years’ ex- 
perience in Assembly language, pro- 
gramming techniques and use of the 
UNIX* Operating System. 


SYSTEMS INTEGRATION 
AND TEST ENGINEERS 


Requires experience in Marine Corps 
and USAF Communications, Com- 
mand, and Control Systems. Successful 
candidates will develop system level test 
procedures, perform verification of con- 
tract requirements at the system level and 
integrate software. You will document 
problems through appropriate trouble 
reports and subsequently verify solu- 
tions. You will also participate as a test 
team member during the conducting of 
informal and formal system level tests. 


These positions require excellent writing 
ability. Experience with PC based soft- 
ware preferred. A technical degree with 
experience in the test of Communica- 
tions, Command, and Control Systems 
is highly desirable. 


As a division of Litton Industries, we can 
offer you an excellent salary and com- 
prehensive benefits plan. Please send 
your resume with salary history to: Lit- 
ton Data Systems, Employment, Depart- 
ment 082, 8000 Woodley Avenue, Van 
Nuys, CA 91409-7601. 


Data Systems 


Principals Only/Equal Opportunity Employer 
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*UNIX is a registered trademark of AT&T. 
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The message at Storagelek 
is loud and clear 


The Future 
is at Hand. 


Storage Technology Corporation is moving forward 
as a determined competitor in the information stor- 
age and retrieval industry. We are financially 
healthy. We know our market. We are a leader in 
providing complete solutions to our customers’ 
needs. Currently, we are seeking: 


THE EDN MAGAZINE/EDN NEWS 


Kecruitment 
Package 


Software Engineers 


Join the motivated team at StorageTek to architect, 
design and develop advanced software elements 
of new StorageTek products. Requirements include 
a BSEE/BSCS and two or more years experience 
in assembly language, “C”, or other block level 
languages. Positions are available in the follow- 

ing areas: 


e Functional microcode running in advanced RISC 
engines to operate high performance caching 
disk controllers. 


¢ Diagnostic microcode that directly exercises 
hardware to determine proper operation and 
evaluate faults. 


Functional microcode to operate the IPI interface 
of a caching tape controller. 


Software to interface engineering workstations, 
workstations software and integrated mainframe 
design automation applications. 


IBM mainframe software running under MVS/XA 
and MVS/ESA that does functional and perform- 
ance tests of I/O equipment. 


Simulation and modeling software written in a 
generalized simulation language (Such as GPSS) 
to model operation of I/O subsystems. 


The most cost-effective way to reach 
the most professionals! 


EDN reaches more than 137,000 
engineers and engineering managers, 
the largest circulation in the electronics 
field. EDN News reaches EDN’s U.S. 
circulation of more than 121,500. And, 
when you place equivalent space in 
both the Career Opportunities section of 
EDN, and the Career News section of 
EDN News in the same month, you'll 
get a ¥3 discount off the EDN News 
rate! 


Logic Design Engineers 


Design and develop advanced intelligent caching 
disk controllers or high speed intelligent tape/disk 
controllers. 


EDN MAGAZINE/EDN NEWS 
Where Advertising Works. 


To qualify for these design positions you should 
have a BSEE and 2 years experience in logic 
design and/or CMOS gate array design of micro- 
programmed tape and/or disk controllers. A sub- 
system architecture background is desirable as 
is knowledge of high performance mainframe 
storage systems. 


Power System Engineer 


Join the team who’s developing the next generation 
Data Storage Control Unit. Responsibilities include 
the architecture, specification, design and devel- 
opment of the entire power system. Experience in 
linear and switching power supplies, DC power dis- 
tribution, redundant and battery back-up systems, 
three phase AC power distribution and protection 
required. Knowledge in power system packaging 
and UL/CSA/IEC/FCC requirements also a must. 


The ideal candidate should have a BSEE and 
9 years experience in power systems design 
including a minimum of 5 years in tape or disk 
controller or computer power systems. 
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Please send your resume to Jim Meadows, Storage 
Technology Corporation, Department ED59, 2270 
South 88th St., Louisville, Colorado 80028-3159. 
We are an equal opportunity employer. 
The Information Storage 
and Retrieval Company. 
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Cutier-Hammer’ aerospace switches 
thrive on punishment. 


Pick an application—your toughest application. types. Each backed by extensive R&D and sup- 
That’s where you’ll want to use one of these ported by a solid, service-oriented sales and 
remarkably rugged Mil-Spec switches. distributor network. 


From applications on business/commercial Hh, feeeng FOr More information contact your Cutler- 
aircraft, heavy-duty vehicles and con- ai \geq (gee Hammer Sales Office or Distributor. Or 
struction equipment, to a wide variety — > send for our complete catalog. Eaton 
of military applications—these & , ae ‘\ . Corporation, Aerospace & 
switches survive the harshest? ~. Se ee © >» Commercial Controls Division, 
environments. : Se 4201 N. 27th St., Milwaukee, WI 


Choose from a broad line of 03216. Or call 414-449-7487. 


sealed and unsealed switch 


Aerospace, Commercial, Miniature, 
Illuminated Switches and Relays. 


CIRCLE NO 309 


_ Augat’s All-Stars demonstrate real 


team spirit — the concept that the whole 


____ is greater than the sum of its parts. With 
. Augat, you benefit from an integrated 

_ program that assures you a COMPLETE 
____VME solution. Unique advantages like © 
nationwide distribution, a comprehensive 

____ VME Engineering Design Guide and an 
_ in-depth line of quality products 

__ combine to give you value that greatly 
. oo any line of “hardware only.” 


Aggeenige when 
ot want tt 
—wherever 
— you are 


. Duet 100 distributor locations. . . 
because one or even several stocking 


locations can never provide the product. 


availability and service that 100 savvy 
_ Augat distribution sites can muster. 
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Augat is teamed with national 
distributors whose business depends 
on their ability to supply off-the-shelf 
product and value-added custom 
assemblies “just in time.” You can count 
on your Augat distributor and Augat's 
extensive VME product line to give you 
what you want when you want it! 


I n-depth technical 
documentation 
always 
at your desk — 


Decion and systems engineers require 


complete product documentation. 


Augat’s VME Engineering Design 
Guide has been prepared to assist you 
in the critical design/specification stage 
of projects that require system-level 
packaging. It focuses on the whole 
system from backplanes to power 
Supplies, including a detailed electrical 


characterization of backplanes, and how 
each variation can affect your system. 

So next time you’re considering a 
VME approach, buy more than product 
— buy an integrated solution from 


Augat. Work with an All-Star Team! 


 Augat’s 
VME All-Stars 
include: 


CJ Backplanes CJ Multilayer 
LJ Card Cages Boards 
C] Wire-Wrap [] Extender 
Panels Boards 
CJ Unilayer II C] Power Supplies 
Boards © LJ SMD and PGA 
Adapter Sockets 
Request Augat's 
New VME 
Engineering 
Design Guide 
or refer to 


Gold Book 
Vol. 3/AUG. bead 


40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 


sit Us at WESCON 88 Booths 2354- 2363 


(617) 222-2202 


FAX (617)226-5257 


_ TWX 671- 6047 


INTERNATIONAL OFFICES: Northern Europe Augat Ltd. (0908) 676655/Central Europe Augat Gmbh 089 576 085 
Southern a pee SA 1 46 68 30 90/Japan Augat KK 45 473-7301 


_ EDN November 10, 1988 


CIRCLE NO 310 


473 


MOVING AIR IS EASY 


a“ 
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44-7455 


ASCO INDUSTRIES, INC. 
MOTOR DIVISION HEADQUARTERS 


500 Chesterfield Center 


Suite 200 
St. Louis, MO 63017 


(314) 532-3505/Telex 


Telecopy 
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Schrott ° 


Systems Packaging 
Solutions for VMEbus 


ife and Multibus® II 
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True modularity for fast, 
cost-effective systems 
implementation. 


Schroff offers afullrangeofmicroprocessor Please call 1-800-451-8755 fora 
packaging support products. Schroff can complete documentation package and 
provide both individual components and price list. 

fully assembled and tested systems. 

Backplanes, test adapters, subracks and 

more others are all available from stock. 

SCHROFFE INC. 
MANUFACTURING FACILITIES 
170 Commerce Drive Warwick, 
R. I. 02886 

Telephone (401) 7 32-3770 
Telefax (401) 738-7988 


Your application may demand a custom 
configuration. This is even more reason 
to contact Schroff, the industry leader in 
bus structured packaging. Schroff can 
provide fully assembled prototypes ona 
timely and cost-effective basis. 
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Feed this toyour PC 
~— and itll think its an 


HP BASIC workstation. 


Finally there’ a way for serious technica 


computer users to get the power and features of 

HP BASIC ona PC. The answer is HTBasic, a rea 
engineering BASIC that turns your PC into an 
HP 9000 series 200/300 BASIC workstation — 
at a fraction of the cost. 

Like HP’s Rocky Mountain 
BASIC, HTBasic from 
TransEra is a state-of-the-art 
BASIC that gives you all the capa- 
ilities you need for complex 
engineering applications. Plus you get 
important advanced features you wont find 
with any other PC BASIC. Like the complete set of 
HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The 
advanced I/O Path System. And built-in matrix math. 

In fact, all the optional HP binaries are built in. Theres nothing 
else to load. You even get the full screen program editing and 
debugging environment. 


e 
Discover the new solution | : 
for cost-effective technical work- | 


stations. HTBasic from TransEra. 
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EDN is written for profes- 
sionals in the electronics in- 
dustry who design, or man- 
age the design of, products 
ranging from circuits to sys- 
tems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, and design tech- 
niques. 


EDN covers new and devel- 
oping technologies to inform 
Our readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

e that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

e for which accurate price 
information is available. 


EDN provides specific ‘how 
to” design information that 
Our readers can use immedi- 
ately. From time to time, 
EDN’s technical editors un- 
dertake special ‘hands on” 
projects that demonstrate 
our commitment to readers’ 
needs for useful information. 


EDN is written by engineers 
for engineering professionals. 


EDN 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Business Director 
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(617) 964-3030 


Mark J Holdreith 
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Newton, MA 02158 

(617) 964-3030 
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NEW ENGLAND 

John Bartlett, Regional Manager 
Chris Platt, Regional Manager 
199 Wells Ave 

Newton, MA 02159 

(617) 964-3730 
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+” A CONNECTOR THAT 


TAKES UP LESS SPACE 
SO YOU CAN 
TAKE UP MORE. 


With AirBorn’s R-Series (.075) connectors, your 
compact systems can be even more compact. Lighter in 
weight, providing overall space savings up to 60% 
compared to .100 connectors, the R-Series allows more 
room for your circuitry. Stackable connectors are also 
available, giving between-board savings. Available in two 
rows of 10 to 100 positions in decade increments and in 
three rows of 122, 152, and 206 positions, the R-Series has 
anti-wicking, conformal coat protection on each connector. 

The R-Series gives you more space on your board, and 
with the stackable feature, more boards in your space. 


321 AirBorn Drive 
P.O. Box 519 
Addison, Texas 75001 
(214) 931-2800 
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DEMANDING 
APPLICATIONS 
MADE 
EASY! 
nn a 


ELECTROSTATIC 
DEFLECTION... 


ELECTROMAGNETIC 
DEFLECTION/ 
VIDEO PROCESSING... 


NEW! 


NEW! 


MOTOR CONTROL... 


*SUPER 
POWER 


HIGH 
PERFORMANCE 


AMPLIFIERS 


CALL (800) 421-1865 


FPEX 
u tech 


DEDICATED TO EXCELLENCE 


APEX MICROTECHNOLOGY CORP. 
5980 N. Shannon Rd., Tucson, Arizona 85741 
USA (602) 742-8600 
France (1) 69.67.08.24 BRD (06152) 61081 
Nippon (03) 244-3511 UK 08446 8781 
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The better conformal coating 


Sr Nef YLIC ENE J DANE ACRYLIC SILICONE Soe ae 
ACRYLIC § “URET ANE ACRYLIC Si Jaa ONE URETHANE ACRYLIC SILICONE 
= ACRYLIC NE set |C SILICONE URETHANE ACRYLIC 


SILICONE ,SILICOY “ ACRYLIC SILICONE URETHANE 
“SILICONE | | uuu. )E THANE ACRYLIC SILICONE 
URETHANE / JRE ILICONE URETHANE ACRYLIC 
URETHANE 2 JR) a i CRYLIC SILICONE URETHANE 


is i. al 7 |Coupon away! 


FILL OUT COUPON BELOW 


GREAT! PLEASE SEND FREE 


na AEROSOL q a BULK 
SAMPLE SAMPLE 


L SILICONE CM ACRYLIC CMURETHANE 
 SARESIN 


Miller-Stephenson offers a choice of high-quality con- 
formal coatings for printed circuit boards, to provide ex- 
cellent electrical insulation, and insure moisture and 
fungus resistance. These protective coatings are 
available in three types: Urethane Resin, Silicone 
Resin, and Acrylic Resin, in convenient aerosol or bulk 
form. All three coatings meet Military Specifications. For 
sample and technical information, call (203) 743-4447, 
or 1-800-992-2424 (8-4 Eastern time). In Canada, call 
1-800-323-4621 (8-4 Eastern time). 


NAME 
DEPT/TITLE 
COMPANY 
ADDRESS 


miller-stephenson & 


CALIFORNIA ILLINOIS 

42264 Foothill Boulevard 6348 Oakton Street 

Sylmar, California 91342 Morton Grove, Illinois 60053 

(818) 896-4714 (312) 966-2022 Mail to: EDN 111088 
CONNECTICUT CANADA miller-stephenson chemical co., inc. 


George Washington Highway 


George Washington Highway 5414 Carlingview Drive : 
4 Danbury, Connecticut 06810 US.A. 


Danbury, Connecticut 06810 Rexdale, Ontario M9W 5R3 
(203) 743-4447 (416) 675-3204 


35 Years Of Total Dedication to 
Cooling Electronic Circuits 


WIDE SELECTION TECHNICAL SUPPORT 

Over 3,000 heat dissipators and 600 Engineering assistance available 
hole patterns. upon request. 

PROVEN QUALITY COMPETITIVE PRICING 
Quality control in conformance to Dedication to providing quality 
Military Standard (MIL-I-45208). products ata competitive price. 


ON-TIME DELIVERY 
A history of meeting delivery 
commitments — including 


‘Just-in-time” FREE HEAT SINK/DISSIPATOR 

FREE HEAT PRODUCT AND THERMAL 
MANAGEMENT GUIDE 

DISSIPATOR CATALOG 152 pages of performance data 

36 pages featur- on hundreds of 


CALL OR WRITE TODAY 
FOR COMPLETE DETAILS 


BSS ABS 
RC, (213) 849-2481 


INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 
~ a subsidiary of Dynamics Corporation of America 
Facility Address: 135 W. Magnolia Blvd., Burbank, CA 91502-9990 
TELEX Il: 910-498-2206 Mi FAX: 818-848-8872 


ing over 125 types 
of aluminum heat 
dissipators for 
popular semi- 
Onductor case 
types. Includes 
photos, outline 
drawings and 
specifications. 


heat dissipators 
and heat sinks. 
Includes a compre- 
hensive section on 
practical application | 
criteria and - 
selection of heat 
dissipator devices 
for semiconductors 
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Making the Connection Between... 


PACKAGING 
PRODUCTIVITY 


From through-hole technology 
to surface-mount technology, 
Molex makes the connection. 

Molex is working to help 
today’s manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging 
and increased RAM capacity. And, 
systems such as our automated robotic Se es bes Vile, ont 
PCB assembly equipment are speeding right angle versions in single 
production time and reducing labor costs. and dual row configurations. 


We take a systems approach to help make 
your bottom line more productive. 


Molex goes beyond quality SMT products to bring 

you problem-solving 
systems for greater 
productivity. Molex 
helps you put new . 
technology to work in = 
real world manufacturing 
Molex SIMM socket (ahi) takesup dramatically Situations. From design 


manufacturing and delivery, you can depend on Molex for As part of our intensive quality 
: : ; aa assurance efforts, CAD technology 
interconnection technology that gives you a competitive edge. is used in product development 


to identify possible stress points. 


Connecting technologies worldwide. 

Our multi-national organization offers you interconnection 
design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 


Call or write today for our new 16-page / ™ 
SIMM Technology Handbook. ® 


Gio Worl keiile mM O : ex 


SIMM™ is a registered trademark of the Wang Corporation. 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 + European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Tokyo, Japan, 03-487-8333 « Southeast Asia Headquarters: Jurong Town, Singapore, 65-265-4755 
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NE EUROCARD is all it takes to 
accommodate the fully featured 
v.32 data pump from Universal 
Jata Systems. 

The device is a true V.32. It is 
ully compliant with the CCITT 
standard for 9600 bps, full-duplex 
lata communications. It Operates 
n dial-up, two-wire private or 
Our-wire private circuits. It 
landles synchronous or asyn- 


sated by Dayner/Hall, Inc., Winter Park, Florida 


fat ; % 


om 
« 


? 


e 
Ni le aes ee a 


¥ 
3 
2 
3 
3 
3 
4 
s 
& 
5 
$ 
3 
5 


Ld 


chronous data. It offers auto 
dialing through the AT command 
set, auto answer and adaptive 
line equalization. To preserve data 
integrity under degraded line con- 
ditions, it even has a trellis coded 
mode. An impressive set of diag- 
nostics is also on board. 

While the data pump is func- 
tionally identical to the industry 
Standard UDS V.32 modem, it has 


(AA) MOTOROLA INC. 


CIRCLE NO 321 


Se eet 


es 8 


Stripped to the Bare Essentials 


been stripped of its on-board power 
Supply and DAA. These functions 
can be easily imported via the 
board edge connector. 

For the bare facts about tech- 
nical details and quantity Pricing, 
contact Universal Data Systems, 
9000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721 -8000; 
Telex 752602 UDS HTV. 


[j2 Universal Data Systems 


One of the big headaches in the export 
business is wrestling your product 
through customs. If your magnetic 
components don't meet UL, CSA, VDE 
and IEC international standards, you 
can get left at the dock. 

That's why it makes solid business 
sense to specify high quality Signal 
Transformers from our VDE certified 
International Series. 

Engineered to meet all domestic and 
international standards, these high 
power transformers are like a pass- 
port to almost anywhere...Germany. 
France. The U.K. Japan. You name it. 

American-built Signal transformers 
combine worldwide acceptance with 
world-class performance and depend- 
ability. For example, our PC board 


support. 


mount ONE-4-ALL™ and chassis mount 
ALL-4-ONE™ transformers feature 
dual bobbins, an insulating shroud to 
provide 4000V RMS test voltage and a 
range from 2.5 to 175 VA. Our space- 
saving MORE-4-LESS ™ transformers 
feature dual bobbins and an insula- 
ting shroud as well, while also provid- 
ing 4000V RMS test in a range from 300 
to 1000 VA. 

All of these are in-stock and ready to 
ship direct — without a middleman or 
mark-ups. And wecan ship them to you 
in quantity within 24 hours, thanks to 
our unique PRONTO service. 

Signal’s transformer experts are 
ready to support you with leading- 
edge thinking and total engineering 


t Signal, getting through customs 
is a standard procedure. 


So, if you've got your eyes on the 
international market, arm your pro- 
ducts with Signal's off-the-shelf VDE 
certified International Series of high- 
quality, high-power transformers. With 
Signal on your side, youll be ready 
to take on the world. 

For more information or a free cata- 
log, contact: Signal Transformer, 500 
Bayview Avenue, Inwood, NY 11696. 


BUY DIRECT 
(516) 239-5777 
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CIRCLE NO 322 


rY mer ican 


T 


Original 


